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CHAPTER 1

INTRODUCTION AND lArGROUND

The U. S. Coast Guard is mandated by the Clean Water Act of 1977 (as
amended in 1978) and the Comprehensive Invirovmental Response Compensation and
Liability Act (CERCLA) to respond to any chemical discharge Into the waters of
the United States. The Coast Guard also has the responsibility for Inspecting
and certifying marine chemical-carrying vessels. Finally, the Coast Guard
provides assistance to the U. S. Environmental Protection Agency In the
supervision of hazardous waste site cleanup and disposal. These missions
require appropriate protection for Coast Guard personnel against a multitude
of hazardous chemicals, especially those transported in bulk which are likely
to be encountered in marine spills and during marine inspections. To aid
spill response and monitoring, the Coast Gyard developed its own Chemical
Hazard Response Information System (CHRIS)l', which now defines the
properties, hazards, and response techniques for over 1100 chemicals.

As the Coast Guard's role in chemical spill response grew, it found that
for many CIRIS chemlcale, commercial chemical protective clothing either did
not provide udequate protection, or had little chemical data available to
Judge its performance. As a consequence, a formal research and development
project was established in 1978 to develop neir chemical protective clothing
and equipment that would satisfy Coast Guard requirements. Part of this
project was directed toward developing a totally-encapsulating chemical
protective suit. The goals of the offort were to:

(1) select a material or group of materials for incoporation into a
* uniform" suit design, which woula provide broad protection against

p as many CHRIS chemicals as possible, and eliminate the need for a

large Inventory of different chemical protective suits;

(2) design a suit which would accomodate different types of ancilliary
protective equipment (breathing apparatuses, cooling devices,
cosmunications systems, and portable air monitors); and

(3) overcome a lack of performance standards for commer:tial suits by
completely documentating suit capabilities and limitations through
thorough laboratory and field testing.

Early Work

When the Coast Guard began its research effort, the majority of cheaical
protective suits available were constructed of butyl rubber with a
polycerbouate visor. From these, the Coast Guard selected a suit manufactured
by the U. S. Army for chemical wavfare applications. This suit was modified
for Coast Guard use and became known as the Hazardous Chevicsl Protective
Clothing Outfit (HCPCO). An early Coast Guard study, "Material Development
Study for a Hazardous Chemical Protective Clothing Outfit (CG-D-58-80),"Z
identified 400 CHRIS chcaicals which required using a totally encapsulating
protective garment and self-contained breathing apparatus for adequate
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protection. From this se study, measurements of material-chealcal
permeation indicated that butyl rubber and polyca-bonate were compatible wvti
only .18 and 60Z of these chemicals, respectively (for a three hour period).a

Recognizing the limitations of the HCPCO the Coatit Guard undertook the
development of its own totally-encapsulating chemical protective ensemble to
include the selection of compatible materials and the development of a suit
design meeting its specific needs. This effort and the results described
below are documented In the Coast Guard Final Report, "Early Development of a
Kazardous Chaeicel Protective Ensemble (CO-D-24-86)*. 3 Several existing and
state-of-the-art smterials were screened by chemical re:istance and physical
property testing. This screening yielded two materiLls to supplement butyl
rubber as garment mEterials In separate suits-Vitons/ chlorobutyl laminate
and chlorinated polyethylene (CPS). In addition, a Teflon1

fluorinated-ethylene prcpylene (VIP)/SurlynR laminate was chosen to replace
polycarbonate as the visor material for all three suit materials.

Each of the selected materials were subjected to extensive chemical
resistance testing, Including one-sided Immersion testing against 160
representative CHRIS chemicals and permeatlon testing agaLnat 59 of those
chemicals. The Immersion testing results indicated few chemical effects on
the Tefloat visor material, with Viton/chlorobutyl aminate moderately
affected, and chlorinated polyethylene greatly affected. No chemicals
permalted the PIP Visor material within three hours, but the
Vitona/chlorobutyl laminate and CP1 exhibited breakthrough to 15 and 30

chemicals, respectively.

Prototype suits were constructed from each of the three materials and
tested for lnteSrtty, function, and fit. All suit prototypes displayed a high

level of integrity in both unmanned and manned tests where suits were placed
in a closed chamber and exposed to a dioctyl sebacate (DOS) aerosol.
Nonetheless there was some uncertainty in the efficiency of the test protocol
to accurately measure suit inward leakage rates since moot chemical exposures
involve chemical gases and vapors as opposed to aerosols. Function testing
was conducted to simulate different physical tasks representative of hazardous
chemical response activities. During these tests, various physiolosical
parameters were meajurew under a number of environmental conditions to
determine levels of heat stress and the effectiveness of a newly designed,
water-recirculating cooling system. The results of these tests indicated that
the suit enabled the wtarer to perform most functions, however, the
effectiveness of the cooling system was Judged questionable even though most
test subjects indicated a "feeling of improved comfort" when wearing it. Fit
tests identified improvements In the suit design in terms of dimensions,
seaming, and placement of components.

Following the development contract, Coast Guard Engineering engased in
preparing specifications for each of the three suit materials (Viton /
chlorobutyl laminate, butyl rubber, and chlorinated polyethylene) and the suit
cooling system (described in reference 3). Despite the relative poor
performance of CPE, it was retsined in the Coast Guard's chemical protective
suit "system" because of its resistance to inorganic acids and bases, and
other chemicals with high spill frequencies. Concarrent with developing suit
specifications, a new materials testing effort was launched to provide
additional data on the selected materials.
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CEAPTE 2

E(PANDED TESTING OF TIME ORIGINAL MATERIALS

The Coast Guard R&D Center began to test the three garment and visor
materials to further determine their resistance to other chemicals and
mixtures under various conditions. Since the chemicals selected for testing
in the development contract were only those chemicals incompatible with butyl
rubber, one aim of this additional chemical testing was to determine whether
Vitonl/Chlorobutyl laminate and chlorinated polyethylene could provide the
same protection as butyl rubber, I.e.# using a two material suit system as
opposed to a three material suit system. Other objectives included measuring
chemical resistance against additional chemicals, and Investigating the
effects of temperature, chemical contact tine, and mixtures.

In the previous Coast Guard development contract, material chemical
resistance was assessed by two different methods-degradation resistance
(imnersion testing) and permeation resistance. Since that contract, the
American Society for Testing and Materials (ASTN) established standard methods
for measuring each material-chemical Interaction. ASM defines degradation as"the deterioration in a material of one or more physical properties upon
surface contact by a cheamical". Degradation resistance Is measured by
exposing a material sample to a chemical and noting changes In its physical
properties. In previous testing, the Coast Guard measured weight gain (loss)
and tensile elongation as well as noting changes In physical appearance.
Permeation, on the other hand, is the flow of a chemical through a material on
a molecular level (Figure 1 illustrates the steps in the permeation process).
Permeation resistance is similarly measured by exposing the external surface
of a material sample to a chemical, but involves measuring the time for the
chemical to be detected on the other side (interior) of the material. This
"breakthrough" time Is characteristic of the material/chemical combination.
Of the two methods, the Coast Guard decided to exclusively measure permeation
resistance for determining material-chemical compatibility. Permeation
testing is the preferred technique for cvaluating protective clothing
materials since permeation can occur without visible evidence of degradation.
A number rf such cases were reported in the previous testing.

Test Plan

A comprehensive test plan was developed to systematically evaluate
material/chemical coampatability and the conditions affecting permeation.
Designing the test plan involved selection of priority c emicals, materials to
be tested, testing methods, and ranges of each paraaeterý.

Chemical Selection. The list of 1100+ CHRIS chemicals was reviewed using
criteria based on encapsulation requirements, toxicity, and spill frequency
(history). Encapsulation requirements were taken from an earlier survey of
CHRIS chemicals conducted for the Coast Guard by NSA Research Corporation2 .
Chemical toxicity was judged on the basis of carcinogenicity, skin absorptio.A
hazards, and various toxicity hazard ratings (such as those by the National
Fire Protection Association), and divided into three groups (high, moderate,
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and low). Priority chemicals are those witb both a spill history and a need
for encapsulating protection, and of •ather high or moderate toxi%ýity. Also
included in the priority list are all chemicals of high toxicity whether or
not these chemical need encapsulatiou or have a spill history. This oversill
priority list includes 116 chemicals which are listed in Table 1. The
specific selection criteria are documented in the Coast Guard Report)
"Selection of Priority Chemicals for Permatlun Testing and Harardous Chemical
SpiU Detection and Analysis 7 . Appendix A shows the groupings of these
chemicals by priority classes. Additionally, preliminary parameter studies
employed an evolving battery of test chemicals. Table 2 lists the fifteen
standard chemicals which have been adopted by the ASTH for material chemical
testing. 8 These chemicals represent a range of chemical classes and
properties.

Test Witerialq. The Coast Guaid tested the selected materials-
'Vitri4fChloz -b-ltyl laminate, butyl rubber, and chlorLnatai polyethylene
(CPE). These materials are described in Table 3. The majority of experiments
in this study involved the Viton laminate and CPE since b~ityl rubber ýad b-en
thoroughly evaluated in the earlier investigation by NSA Corporation.
ChemTech Rubber in New Haven, Connecticut, custom manufactured the
VitonR/Chlorobutyl laminate using specifications developed by ILC Dover,
Inc. The VitonR coating is used on the external surface whereas somewhat
thicker chloroburyl is used on the inside of the suit. Chlorinated
polyethylene material samples were provided by ILC Dover. ILC Dover's CPS is
a proprietary blend fabricated for both increased integrity and heat sealing
characteristics. Unlike the other materials, the CPE considered by the Coast
Guard has no £ibric substrate and consists of two plys bonded together. The
previous study3 demonstrated poorer chemical resistance for the supported
CPE materials. Butyl rubber used in the testing conformed to MIL-C-12189 and
was fabricated by Plmnouth Rubber in Canton, Massachussetts.

Teat Methods. AST4 Standard Method F739 or modified versions of this test
metho]d were used i all permeation testing. 9 A diagram of the test cell
apparatus is given ia Figure 2. Typical data from a representative test are
illustrated in Figure 3. Both permation breakthrough time and steady state
permeation rate were generally measured, although, breakthrough time is
primarily used to assess material performance. The test method does not
specify the duration of the test, the collection medium, or the chemical
detection method. A three hour test period was chosen for testing
aaterial/chemical permeation aince three hours is considered the maximum suit
life during a chemical exposure (though suits are generally ,.ord for one hour
or less). All tests were run for at least three hours with breakthrough times
reported in minutes. When no chemical breakthrough was detected, tests -ere
usually terminated at the end of three hours. A detection method and
corresponding collection medium were selected for each priority chemical
taking into account the analytical technique's sensistivity for detecting that
chemical. Two collection media were used-air and '!ater. Detection methods
specified include gas chromatography (with either flame ionization, electron
capture, or flame photometric detectors), colorimetric techniques, ion
chromatography (anion or cation columns), use of specific iun electrodes,
polarography, and infrared spectroscopy. Table I provides the recommended
detection methods/colkection media for the list "f priority chemicals.

Ranges of Teat Parameters. The parameters contact time, chemical state,
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TABLE 1

LIST OF PRIORITY LIQUID CWIMICALS

CHEMICAL CHRIS ENCAPSULATION NO. HAZARD NFPA RECOMMENDED
CODE NEED? (a) SPILLS INDEX INDEX DETECTORS

Acetaldehyde AAD Yes 4 3 2 FIDAcetic Acid AAC Yes 13 3 2 FID
Acetic Anhydride ACA Yes 2 3 2 IRAcetone ACI Yes 11 3 1 FIDAcetone Cyanohydrin ACY Yes 0 2S 4 FID
Acetonitrile ATH Yes 2 3 2 FIDAcetophenone ACP No 0 1 1 FIDAcetyl Chloride ACE Yes 1 - 3 IRAcrolien ARL Yes 1 - 3 FIDAcrylic Acid ACI Yes 10 3 3 FIDAcrylonitrile ACN Yes 12 iS 4 FIDAdipontrile ADN Yes 4 4 2 FIDAllyl Alcohol ALA Yes 2 2S 3 FIDAllyl Chloride ALC Yes 0 2 3 HD, FIDAniline ANL Yes 2 2 3 FID
Benzene ANZ Yes 91 1 2 FIDBenzyl Chloride BCL Yes 1 2 3 FIDBromine BRX Yes 0 - 4 PLRG, CLMTn-Butyl Acetate BCN No 1 3 1 FIDn-Butyl Acrylate BTC No 1 3 2 FIDn-Butylamine BAM Yes 1 2S 2 FIDn-Butyl Alcohol BAN No 2 3S 1 FIDButyraldehyde BTR Yes 2 5 2 FID
Carbon Disulfide CBB Yes 0 2S 2 ECDCarbon Tntrachloride CBT No 6 iS 3 HD, ECD
Chlordane (25%) CDN Yes 3 - - ECDChlorbenzene CEB No 1 3 2 HD, ECDChloroform CaF Yes 3 1 2 HD, ECDChlorpicrin CPL Yes 0 - 4 HD, ECDChlorosulfonic Acid CSA Yes 1 2 3 IC(A)Creosote CCT Yes 0 5 2 PIDm-Cresol CRL No 33 3S 3 FID, CLMTCrotonaldehyde CTA Yes 0 2 3 lID
Cunene Hydroperoxide CMH Yes 0 - 1 FIDCyclohexane CHX Yes 17 3 1 FID1,2-Dibromoethane EDB Yes 0 is 3 HD, ECD1,2-Dichloroethane EDC Yes 0 3 2 HD, ECD2,2-DIchloroethyl DEE Yes 0 2S - HD, ECD

Ether
Dichloromethane DCM No 4 3 2 HD, BCD1,2-Dichloropropane DPP Yes 2 3 2 FID, ECD1, 3 -Dichloropropene DPR No 0 2S 2 HD, ECD
Diethylamine DEN No 0 3 2 FIDDiethanolamine DEA No 2 3 - FID
Dimethylsulfate DSF Yes 0 - 4 FPDDiisopropylamine DIA No 0 2S 3 FID
Dinethylformamide DMF No 0 35 1 FID
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TABLE 1 (Continued)

LIST OF PRIORITY LIQUID CHEMICALS

CHEMICAL CH=IS ENCAPSULATION NO. HAZAD NFPA RECOMMENDED
CODE NEED? (a) SPILLS INDU INDEX DETECTORS

1,4-Dioxane DOX No 0 2S 2 FID
Di-n-Propylamine DNA Yes 0 5 3 FID
Epichlorohydrin EPC Yes 1 2S 3 HD, BCDEthion 4 3TO Yes 1 - - FPD
Ethyl Acetate ETA No 1 3 1 FID
Ethyl Acrylate EAC Yes 11 3 2 FID
Ethyl Alcohol EAL No 9 3 0 FID
Ethylatine (70Z) EAM Yes 3 2 3 FIDEthyl Benzene ETB No 3 3 2 FID
Ethylene Cyanohydrin ETC Yee 1 5 2 FID
Ethylenedlamine EDA No 5 3 3 HD, ECD
Ethylene Glycol EGL No 23 3 1 FID
Ethyl Ether BET No 1 3 2 FID
Formaldehyde (37Z) FMS Yes 17 1 2 CLT
Furfural FFA No 1 3 2 FID
Gasoline GAT No 0 3 1 FIDGlutaraldehyde(sol'n) GTA Yes 0 2 - FID
Hexane Elk No 4 3 1 FIDHydrazine HDZ Yes 0 - 3 PLRG, CLMT
Hydrofluorie Acid HFA Yes 6 3 4 IC(A), CLMTHydrogen Peroxide HPO Yes 2 - 2 CLKT

(30%)
Isopropyl Alcohol IPA No 0 3 1 FID
Isopropylamine IPP Yes 0 2 3 FIDMalathion (501) MLT Yes 2 - - FPD
Methyl Acrylate MAM Yes 1 3 2 FID
Methyl Alcohol MAL No 11 3 1 FID
Methyl Ethyl KLtone MEK No 6 3 1 FIDMethyl Isobutyl MIK Yes 5 3 2 FID

Ketone
Methyl Methacrylate MMH No 3 3 2 FID
Methyl Parathion MPT Yes 1 - 4 FPD
Motor Fuel Additives MFA Yes 0 - - ECD

(Lead Alkyls)
Naled NLD Yes 1 - - ECD
Mapthalene MLT No 10 3 2 FIDNitric Acid NAC Yes 8 2 3 IC(A), CLMT
Nitrobenzene NTB Yes 1 2S 3 ECD
2-Nitropropane NPP Yes 0 1 1 FID pFPD
Oleum 0IM Yes 0 3 3 IC(A), CLMT
Parathion PTO Yes 1 - 4 FPD
Petroleum Ether NSS No 0 3 2 FIDPhenol PHN No 26 2S 3 FID• CLMT
Phosphoric Acid PAC N. 22 3 2 IC(A), CLMT
Phosphorous PPO Yes 1 - - IC(A), CLMT

Oxychloride
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TABLE 1 (Continued)

LIST OP PILORITY LIQUID CHEMICALS

CHEMICAL CERIS ENCAPSULATION NO. HAZARD NFPA RECOMMENDED
CODE NEED? SPILLS INDEX INDEX DETECTORS

Phosphorous PPT Yes 0 - 3 ECD
Trichloride

Polychlorinated PCB Yes 92 - - sCD
Biphenyls

Proplonic Acid PNA No 3 2 FID
n-Propyl Alcohol PAL No 1 2 FID
n-Propylamine PRA Yes 0 4 3 FID
Propylene Oxide POX No 1 2 2 FID
Silicon Tetrachloride STC Yes 0 3 - BCD
Sodium Hydrosulfide SHR Yes 2 5 - IC(A/Cat), CINTi
Sodium Hydroxide CSS Yes 0 3 3 IC(Cat)
Styrene STR No 59 2 2 YID
Sulfur Monochioride SFM Yes 1 - 2 ICCA), CLKT
Sulfuric Acid (95%) SFA Yes 128 3 3 IC(A), CLKT
1,1,2,2-Tetrachloro- TEC Yes 0 2 3 HD, BCD

ethane
Tetrachloroethylene TTL No 0 3 2 HD, ECD
Tetraethyl lead TEL Yes 1 - 3 BCD
Tetraethyl TEP Yes 1 - - FPD
pyrophosphate

Tetrahydrofuran THF Yes 4 3 2 HD, ECD
Tetramethyl lead TML Yes 0 - 3 ECD
1,1,1-Trichloroethane TCL Yes 5 35 2 HD, BCD
Trichloroethylene TCE Yes 5 2 2 BD, BCD
Toluene TOL No 81 3S 2 FID
o-Toluidine TLI No 0 1 3 FID
Toluene-2,4- TDI Yes 0 2 3 FID

Disocyanate
Turpentine TPT No 5 3 1 FID
Vinyl Acetate VAM Yes 8 2 2 FID
Vinylidene Chloride VCI Yes 8 2 1 HD, BCD
Xylenes XLM No 92 3 2 FID
Xyienol XYL Yes 1 5 3 FID

(a) Need for encapsulating protection determined in reference (2).
(b) Number of spills reported in Coast Guard Pollution Incident Response System

(1973-1983).
(c) Hazard Index is based on Chemical Toxicity Ratings reported in reference (5).

1 is most toxic (carcinoge"); 6 is least toxic; S - skin absorption hazard.
(d) NFPA Health Hazard Rating (from reference 6)
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TABLE 1 (Continued)

LIST OF PRIORITY LIQUID CH4EICALS

(a) Explanation of Detector Crie and Collection Media

METHOD OF DETECTION COLLECTION MEDIUM

Gas Chromatographic Techniques

FID - Flane Ionization Detector air
BCD - Electron Capture Detector air
Hall - Hall Detector air
FPD - Flane Photometric Detector air

Colorinetric Techniques

CLMT - Colorimetric standard method water
or commerical test kit based
on specific chaslcal method

Ion Chromatography

IC(A) - Anion column water
IC(C) - Cation column water

Other Techniques

SI - Specific ion electrodes water
PLRG - Polarography water
IR - Infrared spectrographic analysis air

9



TABLE 2

LIST OF ASTR ?1 001 RECOMMENDED CHIMICALS

Chemical Chemical Class

Acetone Ketone
Acetonitrile Nitrile
Carbon Disulfide Sulfur Containing Compound
Dichloromethane Chlorlnated Parrafin
Diethyl Amine Amine
Dinethylformaaide Aaide
Ethyl Acetate Ester
Hexane Aliphatic Hydrocarbon
Methanol Alcohol
Nitrobenene Nitrogen Containing Compound
Sodium Hydroxide Inorganic Base
Sulfuric Acid Inorganic Acid
Tetrachloroethylene Chlorinated OlefinTetrahydrofuran Oxygen Heterocyclic CompoundToluene Aromatic Hydrocarbon

10



TABLE 3

ORL GINAL SELECTED CHEMICAL PROTEM.,IVE SUIT MATERILS

Material (Source) Colo'! Thickness (al) Weight (ou/yd2 )

VitonR/Chlorobutyl Laminate 13.8 14
(ChenTech Rubber, New Havens CT)

Outer Coating: VitonR Orange-Red 4.7 5-6
Substrate: Polyester 3
Inner Coating: Chlorobutyl Dark Grey 9.1 5-6

Butyl Rubber 14.0 13
(Plymouth Rubber, Canton, MA)

Outer Coating: Butyl Grey 7.5 5-6
Substrate: Nylon 3
Inner Coating: same as outer coating

Chlorinated Polyethylene White 27 19
(ILC Dover, Frederica, DE)

No substrate, two ply, heat bonded film

11



STIRRER

CHEMICAL INLET

CHAMBER RETAINING
WEDGE

TEST
% %MATERIAL

COLLECTION SOP
MEDIUM OR % STOPPER
GAS SAMPLING . _
PORTPOR FI\ • LL LEVEL

CHEMICAL
"STOPPER CHALLENGE

CHAMBER

FLANGES TO
SAMPLING CLAMP CELL
MEDIUM /HALVESCHAMBER 0ý0

COLLECTION
MEDIUM OUTLET TEFLON GASKETS

PERMEATION TEST CELL

Figure 2

12



z 123

0
uiU

cc tnw/c*/&4wniaw ONL03'O* N

uI iomosnE.v:1 OIHJN0

CL0

w1



temperature, and chemicals in mixtures were inveotigatmd in preliminary
studies to observe general trends for selected saterial/chemical
conbiuations. Procedures in ASTM F739 Involve :onstant contact with the
material sample for the duration of experiment. However, this type of
material/chemical contact is not always representative of typical field
exposures. The Coast Guard R&D Center modified the standard method to allow
for interaittnt contact of * ibexlcal with the ample material ourface over
the three hour periodlu. Cheaical contact was desiSned to simulate the
effect of a 'splash', i.e., the momentary contact of a liquid chemical with
the material. Three different Interuittant contact periods were chosen: one
splash every fifteen minutes (12 splashes per three hour period), one splash
every half hour (6 splashes during the test perfod), and one splash at the
beginning of the three hour test period. Liquids and gases were the only
chamical states Investigated. The current ASTH Standard Hathod does not lend
itself for permeation testing of solid chemicals. P'-,-eatiou testing of
chemicals as gases involved saturated vapors at the temperature of tae test
cell. The range of temperature considered in studying its effect was 0 to 50
degrees Celsius, representing the temperatures that may be encountered in the
field. Only simple binary mixtures were considered in this part of the
study. Permeation breakthrough wao measured for each component of the mixture.

General Permeation Testins

Table 4 lists the breakthrough times for some priority chemicals and those
in the recommended ASTH list. All these tests were conducted under ambient
conditions of temperature with constant material/chenical cuntact. The
resulIs show that a large proportion of these chealcals broke through both the
Viton /Chlorobutyl laminate and chlorinated polyethylene. Only a few
results are provided for butyl rubber. The Viton1 /Chlorobutyl laminate was
originally chosen because the two material sa rongly complement each other for
a higher overall resistance to more chemicalsi. The chlorobutyl is
resistant to polar ketones and eaters, but it is attacked b1 non-polar
aliphatic and aromatic hydroarbons. Conversely, the Viton- Is resistant to
non-polar solvents, and is attacked by polar solvents. However, the data
reported here show that while effective against hydrocarbons, the laminate is
permeated by several polar compounds, among these are acetaldehyde, acetone,
and ethyl acetate. T1he decision to use chlorinated polyethylene wes primarily
based on its resistance to inorganic acids and bases, togethier with its
relatively low cost. Nonetheless, it is generally ineffective as a barrier
age'inst many of the organic compounds listed in Table 4.IContact Time and Chezu.cal S~e Exeriments

'Splash' and chemical state testing -a4 conducted by the Coast Guard R&D

Center on both VitonR/chlorobutyl j 8 miuate and chlorinat.ed polyethylene
using several cha'lenge chemicals. TabLe 5 provides a comparison of
liquid, liquid spicshes (at the three frequencies, 12X, 6X, and lx), atd

satur&ted vanor. (at both 0 and 250 C) periseation testing. Two general trends
were observed for this data. Tn some cases, permeation breakthrough time
increased with diriniti.hing moleculrr contact (constant liquid contact 12X
splash 6X splash 1a splash 25 0 C vapor 0oC vapor). On the other
hand, some material/cheuical combinations demonstrated relatively constant

14
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TABLU 4

PNJATIOI BIREA.L'OUGH TIMeS OF COAST GL bED
CANDIDATE SUIT MLTILIAM FOR SELECTED CHEMICALS

Breakthrough times (Winutes)&

Chemical Viton/CBb Butyl Rubberb CPIb

Acetaldehyde 30-40 - 10-30
Acetic Acid No BTc No BT No ST
Acetone 52-77 No BT 20-25
Acetonitrile 90-O05 No IT 80-85
Benzene - - 71-75
Carbon Tetrachloride - No BT
Chloroform No BT 11-15 30-35
Cyclohexane - - No BT
Dichloromethene 25-36 0-1 15-25
Dimethyl SuLfozide No BT - No ST
Ethyl Acetate 20-40 - 58-70
Ethyl Acrylate 14-32 344-5 65-70
Freon TI (113) No BT 35-40 No ST
Hexane No BT 13-16 No ST
Lindane in Chloroform No BT 0-10
Lindens in Xylenes No BT 80-90 -
Methanol No BT No ST No BT
Nerhyl Ethyl Ketone 25-40 -- 28-35
Styrene No BT 0-1 60-70
Tetrahydrofuran 9-11 7-14 27-39
Toluene No BT 0-6 69-75

(a) Breakthrough times measured using ASTH .?739-81 Standard Method
with a Gas Chromato raph/Flame Ionization Detector (approximate
sensitivity - I ppb).

(b) The materials teettd were as follows:
1. Viton/CB - Viton/chlorobutyl laminate; 5 os/yd2 viton

(outer or exposed surface), polyester, and 5 oz/yd2

chlorobutyl rubber (inner surface); 14 ail total thickness.
2. Butyl rubber - nylon butyl cloth as per Military

Specification Mil-C-12189 (13 ail thickness)
3. CPE - Chlorinated Polyethylene, 30 oil thickness, unsupported

(c) "No BT" denotes no breakthrough within three hour period.

15



TABLE 5

PERMEATIN0t BURATHIOUGQ TIMES OF SEVERAL ATDRI.AL/U(lECAL
OOMIHIITIONS l0M. VARYING lPOSUBI C01NITIONS

Breakthrough Time (mine.)

MCCertal/Cheliical Liquid Liquid Splash(a) Vapor
Combination 12X 6X 1x 250C OOC

Vi.ton?/1.7ilorabutyl Lainate:

Acetone 43-58 43-58 73-78 94-100 63-74 3 hre.
Dicbl oromethane 25-36 30-35 30-35 30-35 35-55 3 hra.
Hethyl Ethyl Ketone 25-40 35-40 35-40 50-55 80-85 3 hrs.
Tetrahydrofuran 9-11 11-17 11-17 11-17 35-45 3 hra.

Chlorinated Polylethylene:

Acetone 32-35 50-53 68-72 75-85 130-140 3 hr..
Chloroform 30-37 46-50 81-86 120-125 132-138 (b)
Dichlorometbane 15-24 20-26 25-30 26-32 32-40 3 hre.
Methyl Ethyl Ketone 28-35 40-45 45-50 46-49 141-148 3 bra.
Tetrahydrofuran 27-39 39-45 51-58 62-72 105-111 3 bra.

(a) Liquid splash testing: 12X - one splash every 15 minute.; 6X - one splash
every 30 minute.s; 1X - ce splash at begiuning of test.

(b) Test not performed.
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breakthrough tine with varying contact (excluding vapor datu). Figure 4
illustrates both phenomena graphicaAlyt the two cases on the left hand side
of Figure 4 show increasing breakthrough times with decreasing contact while
the right hand side gives two examples of nearly constant breakthrough time
with changing chenical contact. It Is interesting to note, that in some of
the 12X and 6X splash testing, peratation breakthrough occurs before a
majority of the Individual splashes. For example, tetrahydrofuran breaks
through Vitone/chlorobutyl laminate after the second splash in the 12X test
and after the first splash In the 6X test.

The expected behavior for reducing chemical contact with the material, Is
an increase in the permeation breakthrough time. If changing liquid contact
has little effect on the breakthrough time, then the permeation of the
material must be 4ue to the initial 'wetting' of the material. It follows
that this initial splash provides extended contact of the chemica1 with the
material. It Is therefore reasonable to postulate that the ability of the
chenkial to 'wet' the material Is a factor in this phenomenon. An
Investigation of this factor Is needed to establish if this behavior is
predictable on the besis of chemical properties with respect to a particular
material. Liquid versus vapor permeation generally followed the expected
results for all material/cheaical combinations tested.

Temperature Effect Experiments

The ASTM Standard Method F739 states that permeation tests should be run
at temperatures 21 + 50 C. Early in the work of this materials testing
program, differences- in permeation testing were being observed for tests run
of different days. An examination of the ambient conditinns for those days,
showed small differences In temperature which affected permeation measurements
(seae Table 6). Table 7 shows results for measuring the effect of the
temperature on the breakthrough time for two chemicals (dichloromethane and
methyl ethyl ketone) against VitonR/chlorobutyl laminate. These
breakthrough times were measured using a thermostated permeation test cell.
As expected, permeation breakthrough time increases with decreasing
temperature because molecular energy also decreases. The same trend is
evident for vapors as well. Significant differences in breakthrough tines are
noted between the saturated vapors at 25 0 C and O°C as reported in Table
5. No breakthrough occurred within three hours for any material/chmical
combination tested at O°C.

Mixture Experiments

The permeation behavior of three simple mixtures against VITONR/
Chlorobutyl laminate was investigated. These included dichloromethane/hezane,
dichloromethane/toluene, and acetone/hexane. Table 8 shows the results for
both dichloromethane mixtures. In both cases, the second solvent (hexane or
toluene) does not break through the laainate as a pure chemical whereas
dichioromethane has a breakthrough tine of 25 to 36 minutes. However, for a
50/50 (by volume) mixture of either dichloromethane and hexane or
dichloromethane and toluene, both mixture components permeated the material
saples. The breakthrough times were monitored by gas chromatography,
therefore it was possible to distinguish individual breakthrough tines for
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TABLE 6

THE EFFECT OF AMBIENT TEMPERATURE ON
PERMEATION BREAKTHROUGH TIME

Test Material Sa (0 C) Acetone BT. (mn)

VitonR/Chlorobutyl 20 95-98
Laminate 26.5 43-53

28 ail Chlorinated 22 32-35
Polyethylene 24.5 27-31

(a) BT - Breakthrough Time

"TABLE. 7

THERMOSTATED TEMPERATURE EFFECT ON DICHLOROMETHANE
AND METHYL ETHYL KETONE PERMEATION BREAKTHROUGH TIMES

FOR VITON/CHLOROBUTYL LAMINATE

Breakthrough Times (min)a
Temperature (OC) Dichloromethane Methyl Ethyl Ketone

5 8-10 180-199
15 6-8 80-85
25 4-4.5 35-45
35 3.5-4 20-25
45 -- 14-20

(a) Breakthrough times measured using ASTM F739-85;
Dichloromethane breakthrough zeasured with GC with ECD;
MEK measured by GC with FID.
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TABLE 8

PERMEATION BREAKTEROUGH TIMES FOR TWO BINARY MIXTUR.ES
AGAINST VITON/CHLOOBUTYL IAMINATE

Percentage No. Breakthough Time (min)
CH2Cl2 Runs CH2C1 2  Hexane

In Hexane:

100 1 25-36 -
50 2 42-47 57-62

0 (100% Hexane) 4 - no BT

In Toluene: Toluene

100 1 25-36 -
50 1 45-55 58-66

0 (100Z Toluene) 1 -- no DT
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each component. Again, for both mixtures, dichloromethane broke through first
at a time somewhat longer than its normal breakthrough time for the laminate,
with the second solvent permeating about 10 minutes later than the
dichloromethine. It is suspected that the dichloromethane which readily
permeates the VitonR/Chlorobutyl laminate, carries the second solvent
through. This is a similar conclusion reached in previous Investigations by
Forsberg and Faniadis 1l and Mickelson, Roder, Berardenelli, and
Cottinghaml 2 . The longer breakthrough time for the dichloromethane can be
rationalized on the basis of dilution within the mixture.

The third mixture demonstrated rather unusual behavior. Table 9 shows
breakthrough times for a number of different mixtures of acetone and hexane.
Acetone has a normal breakthrough time of 53 to 61 minutes whereas hexane does
not permeate the laminate within three hours. Yet any combination of hexane
and acetone results in a significantly shorter breakthrough time. In fact,
breakthrough time occurs within ten minutes of initial mixture contact with
the laminate in many cases. Furthermore, both acetone and hexane break
through the laminate simultaneously as detected by gas chromatography. Most
of these experiments were repeated several times to verify this behavior.
This synergistic effect of the two chemicals cannot be explained in terms of
the individual effects on the material by the two chemicals. In an attempt to
rationalize this behavior, it was postulated that acetone permeated the
VitonR layer carrying with it the hexane. Then the hexane permeated through
the chlorobutyl rubber layer, taking the acetone with it to be detected at the
same time. This theory is consistent with the known chemical resistance of
both laminate coatings discussed earlier in the paper. However, sophisticated
experiments are needed in order to verify this explanation of the permeation
behavior.

Intermanufacturer Mater.al Variability

Included in Table 10 are material compatability recommendations for
VitonR/chlorobutyl laminate and chlorinated polyethylene that appear in the
"Guidelines for the Selection of Chemical Protective Clothing"1 J. These

recommendations are based on degradation and permeation data from vendors or
laboratory test facilities; a material is recommended against a particular
zhemical if it shows no permeation or degradation within one hour. In
comparing the recommendations against the data in Table 5, soee cases exist
where a material is recommended when the measured breakthrough time is less
than one hour (VitonR/Chlorobutyl - carbon disulfide, dichloromethane;
Chlorinated polyethylene - acetaldehyde, acetone). While there are some
discrepancies, it is important to realize that material permeation resistance
differs between formulations of the same generic material. Previous studies
showed significant differences in breakthrough times to the same chemicals of
different neoprene and nitrile rubber formulations 1 4 ,15.

Of concern to the Coast Guard was its ability to speciiy materials with

the same chemical resistance as measured on test samples. To make this
determination, additional VitonR/Chlorobutyl laminate samples were
fabricated by a different manufacturer (Fairprene) having nearly the same
specifications as the original laminate. The only difference was the
pigmentation of both coatings and the substrate (cotton polyester or nylon).
Permeation testing was conducted with the various laminates for a number of
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TABLE 9

PERMEATION BREAKTHROUGH TIMES FOR ACETONE/HEXANE MIXTURES
AGAINST VITON/CHLOROBUTYL LAMINATE

Percentage No. Breakthrougha
Acetone Runs Time (min)

100 7 53-61
95 1 0-5
86 1 6-11
50 5 2-6
35 2 0-6
15 1 6-11

5 1 0-5
1 1 0-5
0 (100% Hexane) 4 nc BT (3 hrs.)

(a) Breakthrough times reported for both acetone and hexane
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TABLE 10

COMPARISON OF PERMEATION TEST DATA
AGAINST MATERIAL SELECTION REC0OENDATIONS

VitonR/Chlorobutyl Laminate Chlorinated Polyethylene

Chemical Breakthrough GSCPC Breakthrough GSCPC
Time (min.) RIcomm.a Time (min.) Recomm.a

Acetaldehyde 30-40 N 10-30 R
Acotic Acid No BT(b) R No BT
Acetone 52-77 N 20-25 H.
Acetonitrile 90-105 N 80-85 X
Carbon Disulfide 11-15 R 8-10 N
Chloroform No DT R 30-35 N
Dichloromethane 25-36 R 15-25 N
Diethyl Amine 27-30 X
Diethy. Ether 1-10 N R
Dimethyl Formamide No BT N X
Dimethyl Sulfoxide No BT X No BT X
Ethyl Acetate 20-40 N 58-70 N
Ethyl Acrylate 14-32 N 65-70 N
Hexane No BT R No BT R
Methanol No BT R No BT
Methyl Ethyl Ketone 25-40 N 28-35 N
Nitrobenzene 170-180 R 62 R
Sodium Hydroxide No BT R No BT R
Styrene No BT N 60-70 N
Sulfuric Acid No BT R No BT R
Tetrahydrofuran 9--11 N 27-39 N
Toluene No BT R 69-75 N

(a) Material/chemical compatability recommendation from "Guidelines for the
Selection of Chemical Protective Clothing (Schwope, Costas, Jackson, and
Weitzman, 1985), pp. 37-71. Ratings are generalized as follows:

R - recommended
N - not recommended
X - no data for recommendation

(b) "No BT" denotes no detection of breakthrough within three hour period.

*e*NOTE: These reported breakthrough tines are for Illustrative purposes on1A
and should not be used for selecting protective clothing in hazardous chemical
response.
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chemicals. Table 11 reports the breakthrough times for the different
VitonR/Chlorobutyl laminates. Most results are similar, but large
differences were noted f r acetone, acetonitrile, carbon disulfide, and
dichlorosethane among the tested laminates. Even when the specifications are
exactly the same (laminates B and C), significant differences still observed.
However, the most evident finding from this testing is the extent of material
degradation visually observed on the exposed material samples of the newly
prepared VitonR/chlorobutyl laminates. The VitonR layer of these material
samples buckled, wrinkled, or softened with delamination of the overall
material. None of these changes were seen during the testing of the original
material. Table 12 summarizes the these visual observations.

An investigation of this phenomena revealed that several different types
of VitoUR are used in coating fabrics, and that each of these may be cured a
number of ways using various additives. For example, Laminate A employed
VitonR B while the Fairprene laminates were coated with VitonR A.
VitonR A is a copolymer of vinylidene fluoride and hexafluoropropylene,
whereas VitonR B is a terpolymer also involving tetrafluoroethylene. Each
type of Viton can be cured a number of different methods with various acid
acceptor systems, fillers, and processing aids. Each of these additives can
affect the chemical resistance of the finished product. 1 6

Summary of Findings
The Coast Guard R&D Center's research found a number of material failures

which caused concern for using these materials, even though, the three
materials collectively represented the most effective combination to provide
broad chemical resistance. 3 Although some findings merely reiterated or
reinforced previous observations, taken collectively these findings provided
important considerations for evaluating the viability of the three suit system
and the formulation of specific suit material-chemical recommendations. In
the past, such recommendations have been made on the basis of material
performance based on permeation or degradation resistance testing within a
specified time period. While this practice may result in a recommendation
that has a large 'safety factor', the limited results of this study show that
certain effects should also be considered. Among these are:

1. The chemical resistance of a material should be directly assessed. A
material's chemical resistance cannot be assumed on the results of
'similar' (generic) materials. This implies that the material
specifications cannot guarantee a material with a specific chemical
resitance as other similar materials.

2. Liquid chemical permeation may or may not be affected by contact time
(length of exposure). An indication should be provided for
determining which material/chemical combinations are affected by
contact time ind those that are not. In general, one cannot assume
that chemical splashes present a lesser hazard than continuous
contact with a chemical over the duration of exposure. Therefore,
the criterion of no breakthrough for one hour seems reasonable given
the the large safety factor.
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TALE 11

PERMEATION I LUEATZOUGN TINES FOR
FOUR VITON/CHLOROBUYTL LAMINATES

Chemical A B C D

Acetic Acid No BT - No BT -

Acetone 43-53 176-186 (3) 75-121 (4) 40-45
Acetonitrile 90-105 No BT (2) - No BT (2)
Carbon Disulfide 11-15* - 118-125 (2)* -
Dichloromethane 25-36 (3) 17-29 (3) 15-23 (5) 27-30 (2)
Dimethylformamide No BT - No BT (2) -

Ethyl Acetate 20-40 19-27 (4) --

Hexane No BT gNoT BT
methanol No BT - No BT
Nitrobenzene 170-180* - No BT (2)
Tetrahydrofuran 4-11 (2) 15-27 (4) 11-27 9-14 f2)
Toluene No BT - 178-330 (3)
Diethyl Ether 1-10 -- 13 (2)

* Gas Chromatography with ECD
(M) - Number of Test Replicates

MATERIAL A - ILC Dover, Viton B on Polyester (orginal material)
MATERIAL B - Fairprene, Viton A on Polyester (first sample received)
MATERIAL C - Fairprene, Viton A on Polyester (first sample received)
MATERIAL D - Fairprene, Viton A on Nylon
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TABLE 12

QUALITATIVE EFFECTS OF *3POSURE FOR
VITON/CHLOROBUTYL LAMINATES TO SOLVENTS

Observations made during standard permeation tests of Fairprene*

laminates with either cotton/polyester or nylon sCrim.

SOLVENT COTTON/POLYESTER NYLON

Acetic Acid Liquid penetrated Viton layer
-trapped at CB interface

Acetone Viton softened, buckled and Some Viton
bubbled. Thinned. flecks broken away

Acetonitrile Viton material buckled,
bubbled, softened and thinned

Dichloromethane No change to Viton; CB layer No change
softened and became sticky

Dimethylformamide Viton -.tyer buckled, bubbled
and delaminated from CB layer

2-Ethoxyenthanol Liquid penetrated Viton and
was trapped between layers

Ethyl Acetate Liquid penetrated Viton and
was trapped between layers

Hexane No change

Tetrahydrofuran Viton badly wrinkled, CB Viton flecks broken
sticky and soft away

ToJ: ue Some buckiling of Viton -

minimal

TE: None of these changes were observed with the ILC Dover
Vi -n/Chlorobutyl samples.
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3. Increasing temperature decreases (shortens) breakthrough time for
both liquids and vapors. Some chemicals which do not break through
at ambient temperatures, may permeate suit mat rials at elevated
temperatures. Conversely, in cold environments, permeation is less
likely.

4. Mixture behavior cannot always be prediced on the basis of j.dividual
mixture component chemicals. Moreover, mixture permeation can result
in drawing other chemic als through materials that normally don't
permeate those materia.s. It may be possible that synergistic
mixture permeation may be the result of complex material laminates.

Since these findings are primarily based on the preliminary experiments for
two materials, it is impossible to generalize the results to different
material-chemical combinations. Nevertheless, they raised serious concerns
for using the three material system. As a result, the Coast Guard decided to
reexamine alternative materials before it decided to begin construction of the
suits based on the two or three recommended materials.
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CHAPTEA 3

INVESTIGATION OF ALTENATIVE NATERIALS

In 1984, the Coast Guard initiated a review of protective clothing
materials to determine if new materials with greater chemical resistance could
be Identified. Ideally, the Coast Guard was seeking a single material which
would provide at least the sane chemical protection as the combination of
Viton1 /chlorobutyl laminate, butyl rubber, and chlorinated polyethylene. A
single material offers the advantages of n:educing production costs, and suit
selection problems for mixtures and unknown chemicals. Moreover, Increased
barrier properties can result in a material where most contamination takes
place on the surface making the garment easier to decontaminate and possibly
reuse (Garment reuse, however, is predicated on effective field methods to
measure levels of suit contamination before and after decontamination).

The Coast Guard solicited information from material suppliers to evaluate
alternative materials. Evaluation criteria for comparing alternative
materials 1 7 were divided into three areas:

(1) Chemical resistance,
(2) Physical properties, and
(3) Fabrication feasibility.

Chemical resistance performance was evaluated using the ASTh standard method
for measuring permeation resistance (F739) against a representative battery of
test chemical given in Table 2. A three hour period was specified to assess
the compatability of test chemicals. Permeation breakthrough times were used
to judge material performance. Physical property behavior wan screened based
on test methods and minimum performance levels established by Coast Guard
Engineering (Table 13). The performance levels were derived from physical
property testing on existing chemical protective clothing materials which had
demonstrated adequate material integrity and durability in actual field
usage. Lastly, the material supplier had to demonstrate their ability to
fabricate strong, liquid-proof seams with the garment, visor, and closure tape
materials. Testing in this area included me&3uring seam penetration
resistance (ASTM F903-85l8) for selected chemicals (water, Methyl Ethyl
Ketone, Hydrochloric Acid, Toluene, and Hexane) and seem tensile strength.

The Coast Guard evaluated each of the submitted material Ctta packages
using the above criteria. Due to proprietary nature of the proposals, only
the selected material is described in this report. Chemical Fabrics
Corporation introduced three different ChallengeT smaterals. Each of these
materials were proprietary, aramid-reinforced fluoroelastoplastic ccuposites
(more commonly known as TeflonR laminated NoaexR). All three materials

heA the same type of TeflonR coating but involved a different No•xez
fabric substrate. Challenge" LU has a non-woven subtrate, whereas both
ChallengeTM EW and XHS employed woven substrates of different weights (4.5
and 6.0 ounces/yard2 , respectively). The principal performance differences
were found in the physical properties of these materials; only ChallengeTM
IV and XHS met the Coast Guard requirements for material tensile, tearing, and
bursting strengths (Table 14). ChallengeTh IV was selected over
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TABLE 13

U. S. COAST GUARD SPECIFICATIONS
FOR ALTERNATIVE PROTECTIVE CLOTEING MATERIALS

A. Chemical Resistance: Measure and report permeation breakthrough time of
the material using iSTM 7739-85, "Standard Test Method for Resistancxe of
Protective Clothing Materials to Permeation by Liquids and Gases" for the
AST?4 F1001-86 Chemicals listed in Table 2; Continue each test for three
hours or until steady-state permeation is achieved.

B. Physical Properties: The material shall meet the following physical
property requirements:

Property Test Method CG Requirement(type)

Weight (oz/yd2 ) ASTH D751-79 25 (max)

Thickness (mil) ASTM D751-79 20 (max)

Tensile Strength ASTM D751-79 80 warp (mm)
(lbs/in.) 80 pill (mLn)

Tear Strength (lbs) ASTM D751-79 9 Warp (min)
10 Fill (mmn)

Busting StreagCh (psi) ASTM D751-79 200 (mn)

Abrasion Strength FED STD 191A-5302 No loose fibers

Low Temp. Banding ASTM D2136-66 Pass
at -20OF

Flammibility ASTM D568-68 Self-eztinguishing

C. Fabrication Potential: Demonstrate ability to fabricate seams of garment
material to garment material, garment to visor (5-10 aml TeflonR PEP),
garment to closure tape (neoprene). Measure garment material seam
strength using ASTM D751-79, "Standard Test Methods for Rubber Coated
Fabrics" (CG Requirevent-501bs.) and seam integrity using ASHD 1903-85,
"Standard Test Method for Resistance of Protective Clothing Materials to
Penetration of Liquids (CG Requirement - Pass 6 2 psi for water, hexane,
toluene, methyl ethyl hetone, and hydrochloric acid)
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ChallengeTM XHS since its unit material cost was lover by a factor of 2 and
still met Coast Guard physical property requirements. ChallengeTH LU and SW
eventually became known as ChallengeTM 5000 and 5100, respectively.

ChllangeTH 5100 exhibits a high level of chemical rosistance and
possessed equal or better physical properties relative to the Coast Guard's
originally selected materials. Tables 15 and 16 show a comparison of this
material's physical properties and permeation results with prior selected
materials. Seam performance data provided by Chemical Fabrics Corporation
showed garment material seams to have a tensile break.aLu strength of 95.5 lbs.
(using ASTH D751-79) and as passing the ASTH Penetration Test. On the basis
of tOle data, the Coast Guard elected to forego production of suits based on
Vitonk/chlorobutyl laminate, butyl rubberp and chlorinated polyethylene, and
instead redirgLted its suit development effort for fabricating suits using the
new Challangelm 5100 material.

The Coast Guard also adopted a TeflonI MP visor which facilitated suit
fabrication while eliminating lamination difficulties inherent to the
FZP/Surlyn composite. Additionally, different TeflonR glove material were
chosen and evaluated for use In the Coast Guard Chemical Response Suit. The
Coast Guard opted for Teflon components In the suit design where possible to
provide a suit with improved uniformity in chemical resistance throughout the
garment. The only two major non-Teflon components are the suit closure (a
neoprene-brass pressure sealing zipper) and ezhaust valves (nylon and silicone
rubber).
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TABLE 16

COMPARISON OF PERMEATION RESULTS VOR CELOBINATED POLYETHYLENE,
VITON/CHLOROBUTYL LAMINAL,4, AND CHALLENGE 5100

Breakthrough Time (ainutes)a

Chemical Chlorinated VitotR/Clorobutyl ChallengeTh
Polyethylene Laminate 5100

Acetic Acid No BTb No BT No BT
Acetone* 20-25 43-53 No BT
Acetonitrile* 80-85 90-105 No BT
Benzene 71-75 No BT No BT
Carbon Disulfide* 8-10 11-15 13-23
Dichloromethane* 15-25 25-36 35-45
Diethyl Amine* 27-33 No BT
Diethyl Ether 1-10 No BT
1,2-Dichloroethane 15-25 No BT No BT
Dimethyl Formamide* No BT No BT
Dimethyl SulfoxLde No BT No BT No BT
Ethyl Acetate* 60-70 20-40 No BT
Ethyl Acrylate 14-32 34-45 No BT
Freon TF No BT No BT No BT
Hexane* No BT No BT No BT
Methanol* No BT No BT No BT
Methyl Ethyl Ketone 28-35 25-40 No BT
Nitric Acid (conc.) No BT No DT No BT
Nitrobenzene* 60-70 170-180 No BT
Sodium Hydroxide (501)* No BT No BT No BT
Styrene 60-70 No BT No BT
Sulfuric Acid (conc.)* No BT No BT No BT
Tetrachloroethane 60-70 No BT No BT
Tetrachloroethylene* No BT
Tetrahydrofuran* 27-39 9-11 No BT
Trichloroethylene 10-15 25-30 108-143
Toluene* 69-75 No BT No BT

(a) Breakthrough times determined using ASTM F739-81. Blanks indicate the
absence of data; breakthrough tines are presented as ranges due to the
imprecision in determining actual breakthrough time; breakthrough time is
heavily dependent of the analytical sensitivity of the detector used.

(b) No BT denotes no breakthrough detected for a three hour period.
' ASTH F1001 Chemicals.
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CHAPTER 4

SELECTION AND TESTING OF SUTIT COMPONENTS

With the selection of ChallengeTH 5100, the Coast Guard was able to
achieve a *one-suit system" for encapsulating chemical response. Choosing
other materials with similar chemical resistance was paramount to providing
uniform chemical resistance for the entire garment. To this end, the Coast
Guard adopted a TeflonR FEP visor which facilitated suit fabrication while
eliminating lamination difficulties inherent to the FEP/Surlyn composite
tested earlier. 3 Additionally, different TeflonR glove materials were
chosen and evaluated for use in the Coast Guard CQetical Response Suft.
Unfortunately, some critical parts of the suit were not available in TeflonR
type materials. These include both the suit closure (a neoprene-brass
pressure sealing zipper) and exhaust valves (nylon and silicone rubber).
However, Coast Guard Engineering was able to design suit features which
protect these components from chemical exposure. Suit design and overall suit
testing are discussed in the Chapter 5.

Testing Strategy

The selection of the ChallengeTM 5100 and Teflon1 materials was baaed
on limited data against a small number of representative chemicals. In order
to support the development of a ChallengeTh suit, and its use in the field,
the Coast Guard initiated an extensive testing program that woVd document the
performance of the overall suit, its materials and componentsI7 This
testing program encompasses an examination of all primary suit materials
(garment, visor, and glove), critical suit seams, and suit components (closure
and exhaust valves). The final goals of this test program are:

(1) to integrate test data for assessing overall suit performance, and

(2) to establish suit use recommendations against priority chemicals.

Material performance was further characterized in terms of chemical
resistance to a larger set of chemicals under various conditions, and in terms
of additional physical property or functional testing. In generall each
material and component should be tested in the same fashion and against the
same chemicals. Practically, this is difficult due to the enormous size of
the test matrix. Therefore, the Coast Guard adopted the philosophy of first
testing the garment material against a large set of priority chemicals and
then testing other primary materials and seams against a smaller subset of the
priority chemicals. Iu this manner, material performance can be compared and
Judgements can be made on how to extend the testing of suit materials to more
chemicals. Table 17 provides this matrix of suit materials/ components, types
of testing, and chemical batteries covered in this report. Eventually
predictive models will be necessary to overcome large testing demands and the
problems of making suit use recomendations for mixture exposure.
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TABLE 17

SUIT MATEUIAL/COMPONENT TEST MATRIX

Material/Component Type of Test Test Chemical/ or Properties

Garment Material Permeationa 115 Priority Liquids
25 Priority Gases*
Variable effects on Selected

Chemicals (temp., contact time,
pressure, mixtures)**

Strength Tensile, Tear, Bursting
Resistance Abrasion*, Cut*, Punctu !*
Other Phys. Prop. Stiffness, Flammability

Low Temp. Performance

Creased Garment Mat'l Permeation ASTM F1001 Chemicals

Visor Material Permeation ASTM F1001 Chemicals
plus chemicals permeating
garment material

Strength Tear, Stiffness, Bursting*
Resistance Abrasion/Clarity
Other Phys. Prop. Light Transmission,

Flammability*
Low Temp. Performance*

Creased Visor Mat'l Permeation ASTM F1001 Chemicals

Inner Glove Material Permeation ASTM F1001 Chemicals
Strength Tear, Bursting*
Resistance Abrasion
Other Phys. Prop. Stiffness, Flammability

Low Temp. Performance

Outer Glove Material Degradationb ASTM F1001 Chemicals

Critical Suit Seams Penetrationc Water, MK, HC1, Hexane, Toluene
Permeation ASTM F1001 Chemicals
Strength Tensile, Dead Load

Suit Closure (Zipper) Penetration Water, MEK, HC1, Hexane, Toluene
Degxadation ASTM F1001 Chemicals*
Strength Tensile, Bursting*

* Test will performed in future study
** Tests will conducted in study beginning August 1987
(a) Permeation Resistance measured using ASTM F739 over three hour period
(b) Degradation Resistance measured using draft ASTM F23.30.03 method
(c) Penetration Resistance measured using ASTM F903
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Garment Material Evaluation

General Chemical Resistance Testing. The garment material comprises more
than 752 of the total exposed surface area for the Coast Guard Chemical
Response Suit. The Coast Guard Research and Development Center and its
contractor, Texas Research Institute (Contract No. DTCG39-86-A-80331), tested
the ChallengeTM composite against 111 priority liquid CHRIS chemicaln using
ASTN 1739 for measuring permeation resistance (6 priority chemicals were not
tested due to their availability or destructiveness on the test apparatus;
data for Methyl Isocyanate was provided by NIOSH1 8 ). The chemicals tested
were the same chemicals described in Chapter 2 with their selection based on
encapsulation requirement, spill frequency, and toxicity. The contractor
established a unique method involving a continuous photolonization detector to
measure material permeation parameters and minimum detection limits for each
of the chemicals. Initially, each test against a respective chemical was run
using three permeation cells operated in parallel, such that the output from
each permeation cell went to the detector simultaneously. If any permeation
breakthrough was detected, the tests were repeated with three individual test
cells run singly. This arrangement was devised to minimize the time in
conducting permeation tests with the expectation that few chemicals would
permeate ChallengeTH 5100. Their apparatus and methods are described in
Appendix B.

In general, most tests were conducted for a minimum of three hours.
However, several tests were ertended beyond the three hour test period when
permeation of the material was expected for a particular chemical. This
testing identified ten chemicals that permeate the garment material within a
three hour period; of these, three chemicals exhibit breakthrough in one hour
(see Table 18). Data for all chemicals tested are listed in Table 19. This
data include the breakthrough time and steady state permeation rate, if any,
along with the specific minimum detection limit (MDL), detector used, and
scurce of the test data. Complete test data and output is provided in
Appendix C. The material is also being tested against priority chemical gases
listed in Table 20, and eventually will be evaluated against the othez CHRIS
chemicals requiring encapsulation or having high toxicity.

Investigation of Chemical Resistance Variables. Chemical resistance
testing of the garment material also involves investigation of parameters
expected to affect material performance. These parameters include contact
time, internal suit pressure, temperature, and chemical mixture exposure.
This testing takes advantage of earlier work performed by the Coast Guard R&D
Center on T6t1/chlorobutyl laminate and chlorinated polyethylene reported in
Chapter 2 Dichloromethane permeation of Challengeln 5100 at various
temperatures is shown in Figure 5 and demonstrates the expected relationship
between breakthrough time and temperature-a decrease in breakthrough tine at
elevated temperatures. Although a theoretical, predictive model for the
permeation behavior of Challenge products has not been developed, an appareut
inverse, linear relationship between temperature and log(breakthrough) for the
limited data is observed. Additional permeation testing at elevated
temperatures is planned, particularly for those chemicals which may permeate
at high temperatures but not at room temperatures. Splash testing with
dichloromethane using the same methods developed by the R&D Center yielded
essentially the same breakthrough time as obtained when liquid remains in
constant contact with the surface of ChallengeTH 5100. This anamolous
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TABLE 18

"CHEMICALS WHICH PUMLTE CHAI£J•rG.T 5100a

A. Chemicals which permeate within one hour

Chemical CHRIS Breakthrough Permealion Rate
Name Code Tine (m1k) (I/cm Zhr)

Carbon Disulfide CBB 18 3.65
Acrolein ARL 38 2.82
Methyl Isocyanate 28 NDb
Acrylonitrile ACN 45 5.12
Dichloromethane DC0 47 1.37

B. Chemicals which peraeate between one and three hours

Vinyl Acetate VAM 74 3.30
Allyl Chloride ALC 102 0.67
Tetrachloroethylene TTE 108 ND
Propylene Oxide POX 137 1.43
Trichloroethylene TCL 143 2.04

(a) Information suumarized from Table 19
(b) Not determined
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Table 19
Permeation Testing Results for Challenge 5100 (Teflon-Coated Nomex)

AMl Tests Conducted at 230 -250C

Acetaldehyde AD. 2o.3 hr P.D.ND TRI
Acetic :Acld": .. . hr. _T10.4ADO
Acetic Anhydride ACA 7.3 hr PID 0.57 TRI

ctoeA..... 35hr:* FIRD.: 1.16: :R&DC
Acetone Cyanohydrin ACY- AWJA -PID 2.74 TRI
"Acetonitnie, A::h 24. :. -I ND _ -* "% R&DC
Acetophenone ACP .......;92. hr. ID NDR&DC
Acetyl Chloride.. ACE --.. I D

n... ......

Acryli Ai AC 3h 1) 086 ::'TRI

Adipoirl ADN -.3.1 hrPlD 03ThI
Ally~l Alcohol ALA '1~!P11 1,13 TRI

Aniline ANL .. 34.3 hr .PID .0.46 TRI
Benzene B:-1NZ 3.hrP1 005TRI
Benzyl Chloride BCL ... r 1) 0.1 R
Bromine BR .. h .53Tw
n-Butyl Acetate BCN :,,3 hr PID, _0.25 -TRI
n-Butyl Acrylate :.. hr. .I 0.2 ;:.RJ: -
n-Butylamine 6AM. . ... :3 hr ..PID 0.32 TF1I
n-Butyl Alcohol . AN 215.6 hr .P."ID. 0.32 R
Butyraldehyde BTR PD 'Q2 U

Carbon Tetrachloride CST -b.3.0 hr P11).. .9...R
Chlordane (856%) CDN ::3:.4 hr -PID 0.6TRI
Chlorobenzene CRB :P.3 hr P11) 0.20 TRI
Chloroform. . PRF I3. hr ID .1 9 . F
Chloropicrin CPL 731hr PID 1.80 TRI
Chiorosulfonic Acid .::SA. 23.0 hr I..''`on Chr :0.50TR
Creosote CCT .?18.1 hr P11) -0.32 TRI
m-Cresol 'CRL :.4 hr P11) 0.03 TRI
C~rotonaldehyde OTA 7.3.1 hr P11) 0.62 .TRI

Cumene Hydroperoxide CMH 4..5 hr * P1) .1.20 TRI
Cyclohexane CHX :43.4 hr P11) 0.25 TRI
I ,2-Dibromoethane ýEDB -3.4 hr PID 0.10 TRI
1 ,2-Dichloroethane EE~ V,:5.7 hr P11) 0.09 TRI
I .2-Dichloroethyl Ether DEE D3rP1 R

.37 minEC 0.03 .:.R&DC
1 ,2-Dichloropropane DPP 4..1 hr PID 0.31 TRI
I ,3-Dichloropropene DPn >3 hr P11) 0.17 TRI
Diethanolamine DEA ;,.3 hr P11) ND TRI
Diethylamine DEN >4.5 hr FED ND R'&DC

Notes:
1. The CHRIS Cods ucire from the Coast Guard CHRIS list.
2. BT - Brealfhwjgh lime (A.Hr - lrne test run: Mihn - ST in min for Vces conipounds Ouat did break hough.)
3. The perniavon rate wills &e nfdrogranu/squere csnwimlekrftur.
4. DET METD - Dstsorused fwor d wstsnlon ofST.
5. MDL - UIhIftnun Detection Lhiit of Vie detector.
£. SROC-Sourve of Date: TRI - Texas Research lrsblhh; R&D 38 Coast Guard results.



Table 19
Permeation Testing Results for Challenge 5100 (continued)

Chemical, Code S ate Mot'd:(p) Suc
Dimethyl Sulfate DSF N/A PID 1.52 F
"ODiso'propyla'rnine a :DIA: 11.hr PI .9TR
Dlmethylformnamlde DMF :43.2 hr FID NO R&DC

w:-)Ixn box. 3 hMPD* 03 ~
Di-n-Propylamine, DNA: . 4 hr PlO 0.22 .... TRI
1pc"o-M yri EPC-- 7.r PlO 0.7TR
Ethion 4 ET .... 4.8 hr P.. 0.0 ... TRI
Ethyl Aceate ET 43 hrD '..0.9 RD

Ethyl Acrylate. :EAC......4.7 hr..... 1.72 ..... TRI
'Ethyl Alcohol .A 3rPD 2.8 R
Ethylamine (70%) EAM .8h I .4..TRI
Ethyl Benzene "T 3hrP0 0.14 m
Ethylenediamine EDA .3.32 hr ..... PID 2.78 TRI
Ethlyene Glycol EL ~ 68h l .3m
Ethyl Ether ..... EET wjh PlO 0.13..--:*_...TRI
Formaldehyde (37%) FMVS :8h P0 ND TRIJ
Furfural FFA .. r PID 0.08. TRI
Gasoline -A -.4. r l 1 .65 TRI
Glutaraldehyde (sol'n) GTA . N/A PID 0.3TRI
Hexane HXA DSrPO 02 TRI-
Hydrazine Hydrate .HDZ V. A PID 09 R
Isopropyl Alcohol .. :IPA 73hr PID 1..1 :TRI
Isopropylamine IPP .3hr . PlO .. .. 1.57. .. l.
Malathlon (50%) MLT 73.1 hrPID 1.03 m
Methyl Acrylate MAM. ;4hr .PlO 0.2 D
Methyl Alcohol . M:AAL 142 hr PID :4.07: TRI
Methyl Ethyl Ketone MEK :3 hr PlO -0.65 .....TRI
Methyl isobutyl Ketone MD 3hrlO .98 MR
Methyl Methacrylate ... MMM .3.1 hr PlO 0.19_.. .ml
Methyl Pzirathion MPT- .1A.PlO 0.15 ml
Naled NLD 734.4 hr :i'PlO .,:..N/A mlTR
Naphthalen ML 13.2 hr PD N
Nitric Acid .. NAC -N/A Ion Chr 0.20 TRI
Nitrobienzene.. NB.hrPD 008. .. h
2-Nitropropane .NPP ,-3 hr PID, .5 TRI
Oleum v. .OLM 3.0 hr :Ion Chr: 0 .:.2 -:-T-R
Parathion PTO ;t3.0 hr .PID 0.09 TRI
Petroleum Ether b 3.4 hr M, PID 4.5m
Phenol PHN z-3 hr PlO 0.03.. TRI
Phosphoric Acid .;PAC .::N/A :'::Ion Chr 0O.50m
Phosphorous Oxychloride PPO ;,. 3 hr . on Chr 0.50 TRI
Phosphorous TrIchloride PPT -.1 hIoChr0.0m
Propionic Acid PNA >3 hr . PlO 0.31 .. R
n-Propyl Alcohol :PAL .3hr P10 0.76 mlU
n-Propylamlne PRA >1 Q..2h P..74 h

Silicon Tetrachioride STC :,3.0 hr .Ion Chr 0.50 TMI
Sodium Hydrosulfide SHR N/A AA 0.50 TRI

Notes:
1. The 04111S Cods samo from Ive Coast Guard CHRIS hls
2. Ur - BmSenugh# Time (bXl* -n Omsh run; Wind - BTr in min hor *wsas crnpourids OWa did bueak trseeb.)
3. The peisailon rats wits we mcogaram/qualre ssntimshrA'ow.
4. OFF MEM-Daw- scbduod r dstsrwnm2lon otiST.
5. MDL - Minmimm Detection LkwA of to dsleclor.
6. SAC - Sourcs of Data: TRI - Texas lesearch Wansaif R&C Coast Guaird results.
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I Table 19
?earrnntian Testing Results for Challenge 5100 (continued)

Code S Rae Ml (pm Source
Sodium ljdroxkie CSS :71 hr SE ND RIDO

Sodium Hydroxide CSS *3.0 hr Ion Chr 0""'.50, Ti
(5%Aquous),

styrene .T. MR3. hr' PlO 0.05 I

Sulfuric Acid (conc.) :SFA z2:.72 h r Sulfate ND WRI
1,1,2,,-Ttrchro;:404.5.2 hr'' ID 023 W

Tetrachloroethylene AliE tBmhin!D N RD
Tetrahydrofuran TNF 3P5.5 hr FID ND _:.R&DC
j,1,1 -Trihloroethane ýýTCE , hrti .0 k~

Toluene TL. 3hr IDl . 006. W
A18.5 hr FID 0.69 TRI

o-Toluidine ..TLI --:44.3 hr'h .04 .. R&DC
Toluene 2,4- TOI ,.3.3 hr PlO 0.69 WRI

Turpentine PhrPD 03TR

Vinylidene Chloride VC1h lD 04
Xylenes .:::XLM ,hr PD '.3m
Xyienol XYL 34.3 hr PID ND TRI

N~otes:
1. The CHRIS Cads comeskw frot Coast Guard CHRIS id.
2. ITr - treakiwrogh Time (:,Xlf - Urns btnut m, in * ST hin min for toon ocnwounds Slid bwea Vvc4

4. DET MVF'-" -t ..uwt lsbrmhialcn of BT.

S. MDL-L6.;.s:iianDebc U~moltoledeeclor.
6. SRC - Source of Dab: Thi -Taexs Reeewrch Institut: R&DC - Coast Guard nibt.
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TABLE 20

LIST OF PRIORITY SEOUS CHm. LCALS

CHEMICAL CRIS ENCAPSULATION MRS# HAZARD NFPA PRIORITYT
M CODE NEED? SPILLS INDEX INDEX CLASS

Ammoni ANMA yes 85 2 3 iA
Bromine Pentafluoride BPF Yes 0 - 4 IIA
1.3-Butadiene BDI No 0 1 2 IIA
Butane BUT No 1) 3 1 IVC
Chlorine CLX Yes 313 2 3 1A
Chlorine _rifluoride CTF Yes 0 - - IIC
Cyanogen CYG Yes 0 - 4 IIA
Dimethylsmine DMA No 0 2 3 ilA
Ethylene Oxide BoX Yes 0 1 2 Ilk
Fluorine IXX Yes 0 - 4 Ilk
Hydrogen Broade HBR Yes 0 - 3 IIC
Hydrogen Chloride HDC yes 0 2 3 ilk
Hydrogen Sulfide liDS Yes 0 6 3 IIB
Methyl Amine 4TA Yes 0 - 3 IIB
Methyl Bromide MTB Yes 0 2S 3 Ilk
Methyl Chloride MTC No 15 2 2 IA
Nitric Oxide NTX Yes 0 6 - IIC
Nitrosyl Chloride NTC Yes 0 - - IIC
Phosgene PHG Yes 0 - 4 IIA
Sulfur Dioxide SFD Yes 0 2 2 IIk
Trimethylamine TMA Yes 0 - 2 IIC
Vinyl Chloride VCM Yes 0 1 2 Ilk

(a) Need for encapuulating protection determined in reference (2.
(b) Number of spills reported In Coast Guard Pollution Incident Response System

(1973-1983).
(c) Hasdrd Index is based on Chemical Toxicity Ratings reported in reference (5).

1 is most toxic (carcinogen); 6 is least toxic; S - skin absorption hazard.
(d) NFPA Health Hazard Rating (from reference 6)
(e) See Appendix A for chemical classification information
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result Is not fully understood and may be a manifestation of the test
procedure. Mixture testing will also be conducted to determine If syner.istic
permeation occurs as observed for acetone/hbeane against VitonR/ohlorobuyl
laminate.

Phsical Property Testing. An original concern that the Teflon laminate
may vmlcrofracture' with use"6 was investigated by a battery of physical
property and chemical resistance testing. As a practice, most permeation
testing Is conductel with pristine material samples. Chemical Fabrics
Corporation devised a standard means for creasing samples as a preconditioning
technique to determine If the chemical resistance of the material changes with
physical abuse (described in Appendix D). This test has been applied against
the thirteen organic chemicals in the ASET F1001 list of standard chemicals.
Results for this testing are given In Table 21 comparing both 'uncreased' and
'creased' material chemical resistance. These tests show only small changes
in the permeation breakthrough times for both carbon disulfide and
dichloromthane which permeate Challeagem" 5100, and no 'new' chemicals
which break through the material as the result of creasing. Test data and
output are Included in Appendix 1. Other phyrical property tests are being
performed in separate studies to determine how well ChallengeTM 5100 retains
its characteristics following temperature changes and exposure to flame and
abrasive surfaces.

Visor Material Optimization and Evaluation.

Problems with the Original Teflon Lminate. Originally, the Coast Guard
select" a Teflon' laminate U all PIP/ 20 mil'Surlyn) for a wisor material
In its chemical protective suits.3 This material possessed excellent
chemical resistance but was difficult to laminate and did not stay together
well after use. The Coast Guard therefore decided to examine alternative
visor materials and select a material without sacrificing the chemical
resistance of the TeflonR laminate. A requirement of using a single film
(non-laminate) was tentatively set to avoid lamination proidems encountered in
the earlier material. Any delamination of a visor was considered unacceptable
since the area between film could allow entrapment of moisture which would
then cause significant loss of visor clarity through condensation and fogging.

Primary Visor Material Performance Variables. Critical performance
requirements for visor materials in the Chemical Response Suit included:

(1) high visible light transmittance and visual clarity,
(2) chemical permeation resistance, and
(3) physical integrity and damage tolerance.

For screening purposes, light transmittaace from wavelengths of 390 to 876 nm
was measured with a visible light spectrophotometer using AS E3424, 'Test
Methods for Solar Energy Transmittance and Reflectance of Sheet Materials."
Chemical permeation resistance was performed with selected aggressive
chemicals (carbon disulfide and dichloromethane) from the ASTI4 71001 battery
(Figure 6). Physical integrity and damage tolerance were evaluated in term
of tear strength (FED STD 191A-5136 - trapezoid method) and stiffness (ASTM
D1388 - cantilever method). Stiffness was considered the more critical of the
two physical properties since it is related to the ease of film creastng which
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dramatically reduces visual clarity.

Optimization of Visor Thickness. Of the commercially available TeflonR
films, fluorinated ethylene-propylene (PEP) posses., the highest visible
light transmittance per unit thickness and was thus selected as the visor
material. The above screening tests were employed to determine the optimum
visor film thickness. Data on cotLercially available 5, 10, 14, and 20-nil
FEP film are presented in Table 22. The data reveal that ag film thickness
increases, the chemical permeation ani physical properties improve at the
expev'1 of light transmittuce (Figure 7). Ten-nil PEP was selected since it
provides adequate clarity and resistance to creasing while offering permeation
resistance and tear strength consistent with the grirment material (Table 15).
Additional physical properties of the PEP visor material are offered in Table
23.

Chemical Resistance Testing. Permeation resistance of the 10 ail PEP
Visor material was measured against the chemicals in the ASTM F1001 battery as
well as other specific chemicals which have permeated ChallengeTM 5100. As
explained previously, the strategy of this testing was to determine the
chemical resistance of the visor material relative to the garment material
(ChallengeTM 5100). if the chemical resistance was the same or Detter than

* -: the garment material, the Coast Guard could assume that the visor provides as
least equivalent protection as the garment and forego the extensive testing
done on the garment material. If the latter was not the case, then further
testing would be required to determine where differences in chemical
resistance occured by essentially testing the same chemicals. Fortunately, In
each case the chemical resistance of the visor is better than the garment
material as seen in Table 24. Table 25 shows the effects of creasing on the
material's chemical resistance for the ASTM F1001 chemicals. Only a slight
reduction in permeation resistance was noted with no 'new' chemicals
permeating the creased visor material. Complete permeation data and output
for visor material testing are presented in Appendix F.

Glove Materiai Selection and Evaluation.

Original Material Selection. The first Coast Guard Chemical Response
Suits were esigned with Teflon (TFE) inner gloves and outer gloves of either
butyl rubber or Viton. The inner glove consisted of two simple hand
silhouettes with a peripheral heat-sealed seam. The outer elastomer glove
provided the shape to the composite glove, which dramatically improved
dexterity, though the overall glove form was relatively less comfortable than
typical elLstomeric gloves. A testing scheme similar to that used for the
vieor material was employed to evaluate the selected inner glove material (4
iml Teflon-TFE film). This included testing the chemical permeation

resistance of the glove material against the 13 organic chemicals in the ASTM
battery to deter-mine performance relative to the garment material. Many of
the same physical property tests used to evaluate the garment and visor
materials were also performed on the TFE film (Table 23).

Material Testing Results. Physical integrity in terms of tear strength,
abrasion resistance, and stiffness were generally poorer than the visor
garment material. T.ower physical properties of the glore material were
believed to be acceptable due to the compromise between offering user
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TABLE 22

PHYSICAL PROPERTIES OF FEP FILM VISOR CANDIDATES

Property Test 5 Mil 10 Nil 14 Mil 20 Mil
(Units) Method

Tear Strength& FED. STD. 8.9 21.5 28.2 20.2
Trapezoid Method 191A-5136
(ibs)

Flexural Rigiditya ASTM D1388 0.149 1.07 2.85 7.62
Cantilever Method
(mg-c- x 10-3)

Light Tranamittanceb ASTK E424 95.5 94.8 94.0 92.6
(Z Visible)

Permeation Breakthrough ASTM F739 see Figure 6
Time (minutes)

(a) Average of machine-direction and traLsverse-direction values
(b) Average light transmittance from 390 to 876 nm; Perkin Elmer Lambda 4

Spectrophotometer
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TABLE 23

PHYSICAL PROPERTIES OF VISOR AND GLOVE MATERIALS

Property (Units) Test Method Visor Glove

Composition Fluorinated Polytetrafluoro-
Ethylene- ethylene
Propylene

Thickness (ail) ASTM D374 10 4

Tear Strength (lbs)a FED. STD. 21.5 1.9
Trapezoid 191A, 5136

Abrasion Resistanceb ASTM D3389 0.02 0.05
Taber (gas lost)

Flexural Rigidity ASTM D1388 1.07 x 104 8.65 x 102
Cantilever (mg-cm)

Low Temperature ASTm D2136 Pass at -400C Pass at -40oC
Bending ( 0 C)

Flame Resistance FED. STD.
Vertical 191A,5903
Char Length (in) 1.4 1.5
After-Flame (sec) 0 0
After-Glow (sec) 0 0

(a) Average of machine--direction and transverse-direction valves
(b) H-18 wheel, 600 cycles, 250 gram weight
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dexterity and structural integrity. The chemical resistance of the TFS film
was clearly unacceptable, with nearly 'very chemical tested breaking through
the material (Table 26). The quick chmical breakthrough times and high
steady state permeation rates are possible evidence of material
"microfracturing". These results alone demonstrate that the TFE film was
unsuitable as Chemical Response Suit glove material. Complete chemical
resistance data is provided in Appendix G.

Interim Glove Material Selections. The Coast Guard was faced with the
dilemma of providing gloves for the suit which had comparable chemical
resistance as the rest of the garment. The gloves are considered a critical
area of protection since chemical exposure to the users at the hands is one of
the most likely chemical response hazards. A glove development program with
ChallengeTM materials has begun in August 1987, but in the interim, the
Coast Guard decided to employ existing glove material recommendations in the
"Guidelines for the Selection of Chemical Protective Clothing" 1 3 to suggest
gloves which would provide adequate chemical resistance for each specific
chemical. The results were disappointing. Table 27 gives both the suit and
outerglove recommendations. Six different types of gloves are required to
cover the range of priority chemicals already tested (Table 28), but for 29
chemicals, no glove recommendations can be made (see Table 29). The reason
for these findings are two-fold:

(1) Many glove materials have not been quantitatively evaluated (via
chemical permeation testing with AST F739) againu enough chemicals;
and

(2) The chemical resistance of ChallengeTM 5100 far exceeds that of
conventional glove materials.

The consequence of this finding is that the gloves are the weak 'link' in the
suit design. While options such as 'double' gloving or awaiting more testing
on existing gloves may obviate the problem in the futurep there is eao data
that exist to recommend suit use against certain chemicals, even though the
rest of the garment provides adequate protectlon.

Suit Seam Design and Testing.

Seam Design. Critical seams of the Coast Guard Chemical Response Suit
include:

(1) Garment Material - Garment Material
(2) Garment Material - Visor Material
(3) Garment Material - Inner Glove Material
(4) Garment Material - Suit Closure Tape Material
(5) Glove Material - Glove Material

The individual seam constructions are described in Table 30 and illustrated in
Figure 8. Original seam constructions for the garment material to garment
material sear involved the combination of sewing in a "T' fashion and heat
sealing tape over the sewing holes (Figure 8a). Some sean, failures were
observed in field testing and Chemical Fabrics Corporation proposed totally
heat-sealed seams (Figure 8b). The latter seam demonstrated higher integrity
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TABLE 26

PERMEATION RESISTANCE OF INNER G:•VE MATERIAL
AGAINST ASTM 71001 CHEMICALSa

Chemical CMRIS Breakthrough Permeation Rate MDL
Name Code Time (min) (ug/c 2hr) (ppm)

Acetone ACI 2.5 128.9-146.7 0.75-0.89
Acetonitrile ATN 5.0 57.0-66.0 0.60
Dichloromethane DCM 2.5 487.1-508.0 2.57-2.60
Diethylanine DEN 2.5 1072 4.60-4.75
Dimethylformamide DMF 2.5 38.7-49.2 0.28-0.30
Ethyl Acetate ETA 2.5 258.2-282.9 0.87-0.90
Hexane HXA 2.5 1810-1898 9.12-9.68
Methanol MAL 2.5 15.5-21.8 0.64-0.65
Nitrobenzene NTB 2.5 56.0-57.8 0.13-0.14
Tetrachloroethyleae PER 2.5 1049-1189 2.78-2.92
Tetrahydrofuran THF 2.5 1655-1905 8.04-9.57
Toluene TOL 2.5 (b) 0.39-0.47

(a) All tests conducted using a gas chromatograph with photoionization detector in
triplicate,-values given represent range of measurments for all three tests

(b) Permeation rate exceeded system's capability to measure it
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TABLE 27

CHEMICAL RESPONSE SUIT/OUTER GLOVE RECOKQEENDrIIONS

CHEMICAL CRIS CODE RECOMMENDED BASIS UCOM. OUTER GLOVE MAT'LS.b

Acetaldehyde AAD Yes A Butyl, Silvershield
Acetic Acid AAC Yes A Neoprene, Nitrile, NNR, Viton
Acetic Anhydride ACA Yes A Butyl
Acetone ACI Yes A Butyl, Silvershield
Acetone Cyanohydrin ACY Yes A None Recommended
Acetonitrile ATN Yes A Butylp PVA, Silvershield, Viton
Acetophenone ACP Yes A None Recommended
Acetyl Chloride ACE Yes A Butyl
Acrolien ARL No C
Acrylic Acid ACR Yes A Butyl, Viton
Acrylonitrile ACN No C
Adipontrile ADN Yes A Not listed in Guidelines
Allyl Alcohol ALA Yes A Butyl, Neoprene, PVC
Allyl Chloride ALC Yes B Nonr.e Recommended
Aniline ANL Yes A Butyl, NNR, PVA, Silversh-eld
Benzene BNZ Yes A Viton, Silvershield
Benzyl Chloride BCL Yes A Viton
Bromine BRX Yes A Neoprene
n-Butyl Ac(.tate BCN Yes A Butyl, PVA, Silvershield
n-Butyl Acrylate BTC Yes A None Recommended
n-Butylanine BAM Yes A None Recommended
n-Butyl Alcohol BAN Yes A Neoprene, Nitrile, Polyethylene
Butyraldehyde BTR Yes A Butyl
Carbon Disulfide CBB No C
Carbon Tetrachloride CBT Yes A PVA, Silvershield, Viton
Chlordane (25%) CDN Yes A Not listed in Guidelines
Chlorbenzene CRB Yes A Viton
Chloroform CRF Yes A PVA, Viton
Chlorpicrin CPL Yes A Not listed in Guidelines
Chlorosulfonic Acid CSA Yes A Polyethylene
Creosote CCT Yes A Neoprene, Viton
m-Cresol CRL Yes A Neoprene, Nitrile, NNR

Polyethylene
Crotonaldehyde CTA Yes A Butyl
Cumene Hydroperoxide CHH Yes A Not listed in Guidelines
Cyclohexane CHX Yes A Nitrile, Silvershield, Viton
1,2-Dibromoethane EDB Yes A PVA
1,2-Dichlotoethane EDC Yes A Silvershield, Viton
2,2-Dichloroethyl DEE Yes A None Recommended

Ether
Dichloromethane DCM No C
1,2-Dichloropropane DPP Yes A PVA, Viton
1,3-Dichloropropene DPR Yes A PVC, Viton
Diethylamine DEN Yes A Silvershield
Diethanolanine DEA Yes A Butyl, Neoprene, Viton
Dinethyle'-ate DSF Yes A Not listed in Guidelines
Disopropylamine DIA Yes A Nitrile, Viton
Dimethylformamide DMF Yes A Butyl, Silvershield
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TABLE 27 (Continued)

CHEMICAL RESPONSE SUIT/OUTU GLOVE RECOMMDATIONS

CEMCAL CHRIS CODE RECOMMEED BASIS RZCOMM. OUTER GLOVE AT',LS.b

1,4-Dioxane DOX Yes A Butyl, Silvershield
Di-n-Propylamine DNA Yes A Viton
Epichlorohydrin EPC Yes A Butyl
Dinethylsulfate DSF Yes A Not listed in Guidelines
Disopropylamine DIA Yes A Nitrile, Viton
Disethylformamide DMF Yes A Butyl, Silvershield
1,4-Dioxane DOX Yes A Butyl, Silvershield
Di-n-Propylamine DNA Yes A Viton
Epichlorohydrin EPC Yes A Butyl
Ethion 4 ETO Yes A Not listed in Guidelines
Ethyl Acetate ETA Yes A Butyl, Silvershield
Ethyl Acrylate EAC Yes A PVA
Ethyl Alcohol EAL Yes A Nitrile, NNR, Polyethylene, PVA
Ethylamine (70%) RAM Yes A Butyl, Nitrile
Ethyl Benzene ETB Yea A Viton
Ethylene Cyanohydrin ETC Yes A Butyl, Neoprene, PVA, Viton
Ethylenedlamine ZDA Yes A Butyl, Neoprene
Ethylene Glycol EGL Yes A Neoprene, Nitrile, NNR, PVA
Ethyl Ether RET Yes A PVA, Silvershield
Formaldehyde (37Z) FMS Yes A Butyl, Polyethylene

Silvershield, Viton
Furfural FFA Yes A Butyl, PVA, Silvershield, Viton
Gasoline CAT Yes A Neoprene, Nitrile, PVA
Glutaraldehyde(sol'n) GTA Yes A Butyl, Neoprene, PVC, Viton
Nexane HXA Yes A PVA, Viton, Silvershield
Hydrazine Hydrate HDZ Y~s A Butyl, Neoprene, Nitrile, PVC
Hydrogen Peroxide HPC Yes A Nitrile, NNR, Polyethylene$ PVA,

(30%) Viton
Isopropyl Alcohol IPA Yes A Butyl, Neoprene, Nitrile
Isopro, ylamine IPP Yes A Butyl
Malathion (50%) MLT Yes A Not listed in Guidelines
Methyl Acrylate MAM Yes A Butyl, PVA
Methyl Alcohol MAL Yes A Butyl
Methyl Ethyl Ketone mmK Yes A Butyl
Methyl Isobutyl MIK Yes A PVA

Ketone
Methyl Isocyanate No C
Methyl Methacrylate mmm Yes A PVA
Methyl Parathion MPT Yes A Not listed in Guidelines
Naled NLD Yes A Not listed in Guidelines
Mapthalene MLT Yes A Not listed in Guidelines
Nitric Acid NAC Yes A Neoprene, NNR, Polyethylene,

Silvershield, Viton
Nitrobenzene NTB Yes A PVA, Silvershield, Viton
2-Nitropropane NPP Yes A Butyl, PVA
Oleum OLM Yes A Not listed in Guidelines
Parathion PTO Yes A Not listed in Guidelines
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TABLE 27 (Continued)

CHEMICAL RESPONSE SUIT/OUTER GLOVE ECOMM ENUTIONS

CHEMICAL CHI.S CODE RECOMMENDED BASIS RICOMK. OUTER GLOVE MATfLS.b

Petroleua Ether - Yes A Neoprene, Nitrile, PVA
Phenol PHN Yes A NNR. Polyethylene
Phosphoric Acid PAC Yes A Neoprenes Nitrile,

Polyethylene, PVC
Phosphorous PPO Yes A None Recamended

Orychloride
Phosphorous PPT Yes A None Recommended

Trichloride
Polychlorinated PCB Yes A Neoprene, Silvershield, Viton

Biphenyls
Proplonic Acid PNA Yes A None Recommended
n-Propyl Alcohol PAL Yes A Neoprene, Nitrile
n-Propylamine PRA Yes A Butyl, Neoprene
Propylene Oxide POX Yes B Butyl
Silicon Tetrachloride STC Yes A Not listed in Guidelines
Sodium Hydrosulfide SiR Yes A Not listed in Guidelines
Sodium Hydroxide CSS Yes A Butyl, Neoprene, Nitrile, NNR,

Polyethylene, PVC,
Silvershield, Viton

Styrene STR Yes A PVA
Sulfur Nonochloride S71 Yes A None Recommended
Sulfuric Acid (95%) SFA Yes A NNR, Polyethylene,

Silvershield, Viton
1,1,2,2-Tetrachloro- TEO Yes A PVA, Viton

ethane
Tetrachloroethylene TTE Yes B Silvershield, Viton
Tetrahydrofuran TCE Yes A None Recommended

1,1,i-Trichloroethane TCL Yes A PVA, Silvershield, Viton
Trichloroethylene TCE Yes B Silvershield, Viton
Toluene TOL Yes A Silvershield, Viton
o-Toluidine TLI Yes A None Recommended
Toluene-2,4- TDI Yes A Butyl, Nitrile, Polyethylene,

Disocyanate PVA, Silvershield, Viton
Turpentine TPT Yes A PVA
Vinyl Acetate VAM Yes B None Recommended
Vinylidene Chloride VCI Yes A PVA
Xylenes XLM Y68 A Viton
Xylenol XYL Yes A Not listed in Guidelines

akasis of Recommendation:
A - No breakthrough in three hours - RECOMMENDED
B - No breakthrough in one hour, but breakthrough time occurs before

three hours - RECOMMENDED
C - Breakthrough occur within one hour - 1OT RECOMMENDED
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TABLE 27 (Cotzlinued)

CMQIICAL RESPONSE SUIT/OUTUR GLOVE UECOINDW TIONS

bouterglove Rocamendations based on quantitative recommendations
provided In the 3rd Edition of "Guidelines for the Selection of Chelical
Protective Clothing" (reference 13). Material abbreviations: PVA - Polyvinyl
Alcohol, PVC - Polyvinyl Chloride, ma - Neoprene and Natural Ruabber.
***CAUTION: End users should check with vendor for specific recomendations
on selected glove.
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TABLE 28

SUMAR• T Of OUTU'GLOVE
MATERIAL UCO(ENUDTIONS

No. Materials Recommended No. Chenicals

3 or more materials 26
2 27
1 25
No materials reco mended 13
Not in selection guidelines 16
No recommendation& possible 5

TOTAL 112

TABLE 29

AVAILABLE GLOVE MAT

Material No. Recome ndationsa

Butyl Rubber 28
Neoprene 19
Neoprene/Natural Rubber 10 (b)
Nitrile 17 (b)
Polyethylene 12
Polyvinyl Alcohol 26
Polyvinyl Chloride 6 (b)
SilvershieldTh 27
Vitonu 29

(a) Recommendations based on quantitative
measures Indicating adequate protection
greater than 1 hour.

(b) Not needed in CRS outerglove system due to
other gloves providing adequate protection
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TABLE 30

DZSCZIPTION OF SUIT SIAN CONSTRUCTIONS

Garment Katertal Seems sawn, then beat sealed with 5-6 ail Teflon
(original construction) tape over seaw assembly on both aides

(Figure 8a)

Garment Material Seas: now suit seams 1/2 inch heat sealed lap
(now "onstru'ction mseans with tape over seam assembly on bothsides (Figure 8b)

Garment-Visor Nat'l Seas: heat sealed with 5-6 ail Teflon tape over
sean assembly on both sides

Garment-Closure Seam, fiberglass heat sealed to garment
material; zipper neoprene tape sewn and
bonded to fiberglass with toluene based
adhasive (Figure 8c)

Garment-Inner Glove Seam: fiberglass beat sealed to garmnet material
(Original construectn at sleeve and; fiberglass bonded to

plastic &1ove ringB and inner &love

SGarment-Inner Glove Seam: Attached with butyl elastic band and
(new construction) stainless steel hose clamp

Glove Naterial Seam: 1/4 inch heat sealed lap seam
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H e4 rail Teflon tape

n.mTeflon/Noex Laminate

Heat-saed -•, Stitching

4 mil Teflon tape

(a) Original Garment Material Seam

m4 il Teflon tape
Heat-sealed

ý' ! ea"--- Teflon/Nomex Laminate

Heat-sealed

4 mil Teflon tape

(b) New Garment Material Seam

X

Stitching Heat-tealed

Adev ATeflon/Nomex Laminate

bonded

4 mil Teflon tape
_-•ý Tefion/Nomex Laminate

Heat-s.aled Reinforcing Strip
Zipper OS~One-aided

Neoprene Teflon/Fiberglan
tape

(c) Garment Material-Closure Tape Seam Assembly

Seam Constructions

Figure 8
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and fewer seam failures were noted in field tests where significant physical
abuse of the suits occurred. Table 31 presents data for three different
garmeat seams$ of which the 1/2 lap seam was chosen due to its physical
strength and ease of implementation into the suit design. Garment material
interfaces with non-Teflon materials presented a problem in heat sealing. The
attachment of the suit visor could be done directly by heat sealing but
required some adjustments in the heat sealing procedure. The neoprene closure
(zipper) tape could not be heat sealed and required using a fiberglass
interface between the Teflon and the neoprene tape; the fiberglass was heat
sealed to the Teflon laminate-and the neoprene tape was both stitched and
bonded to the fiberglass section (Figure 9c).

Seam Physical Integrity Testing. Each of the seam constru.'ctions have been
subjected to two types of seam strength teats: tensile and dead load stresses
(Table 32). The ultimate tensile strength of each seam type generally
reflects the tensile strength of the weakest base material, as opposed to the
actual strength of the heat-sealed joint. In other words, the heat sealed
seams are designed to be as strong or stronger than the base materials (with
the possible exception of the glove-glove seam which exhibited both film and
seam type failures). Dead load or creep testing was conducted to simulate the
long term but low stress conditions resulting from the positive pressure in a
totally encapsulating suit. Representative seam stresses were calculated for
two locations within the suit (torso and glove) based on a internal positive
pressure of 5.7 mm Hg and on measured suit dimensions. Dead load testing was
conducted at loads for the glove and torso repsectively. No failures occurred
in any of the seam configurations in 48 hours under the above loading
conditions.

Seam Chemical Resistance Testing. Penetration testing (ASTM F903) of the
first three seams was conducted by Anderson Associations for the Coast Guard
R&D Center against a five chemical battery (water, hexane, toluene, methyl
ethyl ketone, and hydrochloric acid). No penetration was noted for any
seam-chemical combination. Appendix H is a copy of the contractor's report.
Attem~pts were made to measure seam permeation testing with the standard ASTh
method but anomolous results have been observed. The non-homogeneous surface
of the seam may have caused leakage in the test ceall; this may explain the
relatively short breakthrough times compared to what is expected for seam
performance. Placement of a solid sheet material between the seamed material
and the collection chamber gave no breakthrough. Use of successively more
compressible gaskets also gave longer breakthrough times as confirmed by both
the Coast Guard R&D Center and Texas Research Institute (Table 33; other data
in Appendix I). The use of a 1/4" expanded PTJE (polytetrafluoroethylene) was
the only gasket arrangement which provided the expected results. At the time
this report was prepared (July 1987), additional seam permeation test was in
progress against the ASTH F1001 chemicals and other chemicals which permeated
the garment material (Table 18).

Selection and Testing of Other Suit Components.

Suit Closure Selection. The Coast Guard could not identify suit closures
constructed of Tefl-o-n (or other highly chemically resistance materials)
which also provided an airtight seal. Past Coast Guard suit designs employed
pressure sealing sippers, two-track closures (like ZiplockR), or the
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TABLE 31

OPTIMIZATION OF GARMENT SEAM TYPESa

Seam Direction of Fabric Stress Mode of
STyp Separation at Failure (lb/in) Failure

"T" Sewn/Heat-sealed Warp 51.5 Stitchingb
Fýl 49.9 Stitching

1/2" Heat-sealed Lap Warp 95.0 Adhesionc
Fill 75.0 Adhesion

3/4" Heat-sealed Lap Warp 110.0 Adhesion
Fill 88.0 Adhesion

(a) Optimization determined by seam tensile strength testing. Tests
were performed using a a modified form of ASTM D751-79; Samples
sizes were 1" x 12", with seam down long sample axis; a 0.2 in/mmn
rate of separation was used.

(b) Stitching failures involve seam separation at stitched areas

(c) Adhesion failure involve either delamination of coating from the
fabric or the breakdown of the bonding in the lap seam
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TABLE 32

S.IT SEAM PHYSICAL PROPERTIES

Seam Type Ultimate Tensile Dead Loada Testb
Strength (lbs/in) (lbs/in) Duration (hr)

Challenge-Challenge 132 15 48+

(heat-sealed seam)

Challenge-Visor 25.3 15 48+

Challenge-Closurec 129.5 15 48+

Challenge-Glove 12.3 2.3 48+

Glove-Glove 8.2 2.3 48+

(a) Dead loads were conducted at approximately 15 times the atatic seam
stress resulting from normal suit positive pressure (3.0 in Water).
Maximum interior dimensions of 10.2 in radius in the suit torso and 2.9
in. radius in the glove yield stresses of C 55 and 0.15 lbs/in
respectively.

(b) n+ indicates no failure in the time stated.
(c) Closure is a neoprene-brass prepsure sealing zipper.
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TABLE 33

PERMEATION TESTING L SULTS FOR VARIOUS GARMENT
MATE&IAL SEAM TESTS AGAINST ETHTL ACETATE

Run Gasket Type Breakthrough
(Number) Tiu. (3.n)

A Neoprene (2) 6

B Neoprene (1) 7.5
Teflon (2)

C Neoprene (2) 96
Teflon (2)

D 1/4" Expanded PTFE 3 Bra
Cord
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combination of the two. 3 Two-track closures can only be fabricated from
plastics with the appropriate physical characteristics (i~e.s polyethylene and
CPR). Pressure sealing tippers operate with tti zipper chain (clamp and lock)
compressing the two sides of the coated tape together to form an air-tight
seal (Figure 9). Theme zippers are typically used in diving dry suit
applications and are fabricated from neoprene (tape) and brass alloys (clamps
lock, and slider). While other metal components are available (e.g. stainless
steel), neoprene is the only coated tape used in the manufacture of these
closures. Therefore, both types of closures consist of materials with
relatively lover chemical resistance compared to the garment material. The
Coast Guard picked a Talon OEBR pressure sealing zipper over two-track
closures due to its better field performance and air-tight qualities. In
order to protect the closure from chemical exposure, the zipper was placed in
the rear of the suit and enclosed in a protective cofferdam described in
Chapter 5.

Suit Exhaust Valve Selection. Totally-encapsulating chemical protective
suits use low-pressure one-way vent valves to allow the escape of exhaust air
from the wearer's self-contained breathing apparatus# and to maintain a small
positive pressure (1 to 3 inches water column pressure) inside the suit. This
latter feature minimizes diffusion or penetration of chemical vapors through
poor seams, material punctures, or improperly closed zippers. Satisfactory
operation of these valves is critical to the functional and protective
qualities of the suit. In earlier suit designs, the Coast Guard used four
Halkey Roberts (#780-R.PA.l) valves. Though these valves offered adequate

* performance, they were no longer available for production of the Coast Guard
Chemical Response Suit. The Coast Guard identified an alternative valve, the
Stratotech P/N 739-2.5 with a 'cracking pressure' of 2.5 inches water column

* pressure (illustrated in Figure 10). Like other valves, the sealing
components are fabricated materials with relatively low chemical resistance.
In this case, a silicone rubber valve 0-ring seals against the valve body
(aluminum). The Coast Guard principal concerns for these valves are!

(1) providing adequate venting of the. suit (to prevent overpressurization
which limits user mobility and stresses suit seams),

(0 resisting chemical degradation of the valve sealing surface, and
( 3) resisting 'backf low' while the valve Is operating.

V~alve flow rates at different levels of wearer work were measured in manned
laboratory tests described in Chapter 5. Attempts at measuring the two other
phenomena are discussed below. The valves are partially protected by an
inverted pocket to prevent direct liquid chemical impingement.

Closure and Exhaust Valve Testing. Measurement of closure and exhaust
valve performance with respect to chemical exposure is difficult to assess
since they are not sheet-like materials and standard methods do not exist to
measure their chemical resistance. Penetration testing of the suit zipper has
been performed using a modified test cell againist the five chemical
penetration battery with no evidence of penetration as reported in Appendix
H. Sample suit zippers have also been subjected to zipper crosswise strength
testing to determine tensile properties relative to the garment material. All
suit zippers far exceed the Coast Guard requirement of 50 lbs/in, crosswise
strength (90 lbs/in.). The Coast Guard intends to measure other closure
physical properties such as bursting strength for evaluating suit closure
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performance once methods are developed. An initial assessment of suit exhaust
valve performance was conducted by Lawrence Livermore National Laboratory in a
separate Coast Guard sponsored Investigation. The study attempted to measure
valve resistance to backflow and tried to clearly establish valve performance
characteristics. The results reported in Appendix J are unconclusive. While
leak ratea for a number of valves including the Stratotech valve were
quantitatively defined, the significance of these rates must be still
determined. An additional study was begun in June 1987 to answer the
following questions:

(1) What is the effect of valve configuation on valve leak rate?;
(2) Is the leak rate of the valve proportional to outside chemical

concentration?; and
(3) How do exhaust valve covers (or protective pockets) influence valve

leak rate?

Once this study is completed, additional work will be undertaken to examine
changes in valve performance following chemical vapor exposure.

Integration of Tent Data.

The results from material chetmical resistance and physical property
testing must be related to overall suit performance in order to provide
meaningful results to end-users. Physical property data are used to determine
if materials and components possess sufficient integrity and resistance to
physical/environmental abuse relative to evolving standards. Generally, each
material should have similar physical property requirements, but these may
differ based on the material's function. Such requirements should be set to
reflect actual use conditions. While standards have been used in the past
based on Chemical Warfare clothing material requirements, the Coast Guard is
conducting new studies to better define which properties should be measured
and what are reasonable requirements for those properties.

Using chemical resistance data to assess suit performance is a much more
complex problem. Because dermal exposure limits don't exist, any permeation
of hazardous chemicals through a protective garment is considered
unacceptable. The problem arises in comparing material swatch testing against
overall suit exposure to chemicals. In general, most permeation resistance
testing represents "worst case" exposure, where the liquid or gaseous chemical
is in constant contact with the material over the length of the test period.
This is not the usual case for field exposures during spill response and
monitoring. Yet, many researchers recognize that certain variables (i.e.,
temperature, chemical mixtures) can accelerate a chemical's effect on
materials.1 4 This combined with the inability to test any material-chemical
combination under all conditions makes the establishment of suit
recommendations difficult.

The Coast Guard has adopted a one-hour criterion for permeation
breakthrough time for initially recommending suit use against a particular
chemical. One hour should provide a reasonable safety factor for all
anticipated exposures. However, this rule is being applied to all primary
materials and components, i.e., the recommendation is based on the performance
of all primary materials (garment, visor, and glove). These recommendations
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appear back in Table 27. Mizture testing was initiated August 1987 to
determine if synergistic permeation is observed. If this Isi not thu; case,
then performance of the garment can be Judged on the basis of individual
mixture component permeation results. Otherwise, predictive models and field
test kits will be required to determine the safety of suit use on a
case-by-case basis. Predictive models may also be applied, once developed, to
different conditions of exposure such as temperature and chemical
concentration.
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mAPTom 5

SUIT DESIGN AND OVRALL SUIT TESTING

The Coast Guard was able to capitalize on earlier development efforts for
both designing the Chemical Response Suit and testing its overall
performance. The original design of the VitonR/chlorobutyl chemical
response suit served as the basis for speefications to construct new suits
made of ChallengeTM 5100. Likewise, shortcomings of the protection factor
and physiological testing conducted on early suit prototypes (described in
reference 3), were identified and used to Improve test methods to assess
overall suit performance. Suit design and testing has bean an evolving and
iterative process. Through development to deployment, a number of successive
snLit designs were considered with each new improvement identified through
testing. Overall testing has been critical to understand the capabilities and
limitations of the Chemical Response Suit. Material and component testing by
itself cannot identify all problems, particularly in terms of configuration,
fit, comfort, function, sad the overall protection offered the ensemble (the
suit in combination with the respiratory apparatus and other auxiliary
equipment).

Suit Design.

Basic Configuration. The configuration of the Chemical Response Suit was
based on the original design for suit prototypes constructed from
VitonR/chlorobutyl laminate. However, a number of changes have been made to
either accomodate the ChallengeTH material or improve the comfort and suit
fit to the user. Some patterning changes took place for the use of
heat-sealed seams versus the combined heat-sealed and sewn seams used in
earlier suit constructions. Other changes included modification of the hood
and torso areas for better integration with the breathing apparatus and to
provide greater visibility out of the visor, especially for shorter people.
As before, sizing of the suit was based on a single size using data for the 95
percentile person (male) obtained from the U. S. Army. In general, the suit
as designed fits people from heights of 5'8" to 6'4". Smaller subjects have
more difficulty with sleeve and trouser leg length. Figure 11 shows the
original suit design, whereas the most recent design is illustrated in Figure
12. The entire suit less the cooling pouch and heat exchanger weighs
approximately 9 pounds.

Suit Cofferdam The suit closure, a pressure-sealing zipper is considered
one of the weak areas on the suit because of the relatively poor chemical
resistance of the materials (neoprene, brass) used in its construction. A
cofferdam was designed as part of the Chemical Response Suit to prevent
permeation and penetration of chemical vapors or liquid splashes. The
cofferdam consists of two long rectangular pieces of ChallengeTM 5100 heat
sealed to the garment wall along both sides of the closure. These two pieces
of material flaps extend approximately six inches from the wall of the garment
material, and can be heat-sealed using a portable, modified Doboy heat sealer
(Metric Model HS-C). The heat-sealer is used to temporarily seal the outer
edges of the material flaps resulting in a vapor tight seal that provides

71



zippe cimare

Visor

2oBbesot Volve

ISO Posek

Aseombly

ampeasloi
Pamlela

TOTAL ENCAPSULATING SUIT DESIGN

(Original)

Figure 11

72



Pressure Sealing
Zi~ppe Encased In a
Teflon Cofferdam

10 MIL FEP---
Visor

Cooling Systemlee Pouch /
GlovesInner: 4 MIL E ~
Outer: 10 1I

ovot lipped ment
auy Rubber Material:

Cheileng*146100

Outer Boot3 Over the
Teflon Soft Booties
Attached to the Suit

Current Chemical Response Suit Design

Figure 12

73



equivalent chemical resistance as the garment material and complete protection
to the suit wearer. Doffing of the suit Is accomplished by cutting a small
po-.tion of the cofferdam away and then separating the heat-seal by simply
pulling the flaps apart (see Figure 13). The outer edge of the flaps are long
enough such that the heat-sealed portion of the flaps may be cut away 3 to 6
times for reusing the suit (tttCAUTIONt Reuse of the Chemical Response Suit
is only permitted under certain circumstances at the discretion of the
On-scene cmmander for the chemical incident).

Integration with Auxiliary Equipment Consistent with previous Coast Guard
chemical protective suit priototypes the Chemical Response Suit was designed
for flexibility in accomodating different types of auxiliary equipment,
principally breathing apparatuses. The rear of the suit is expanded (see
Figure 12) to allow the wearer to use a NIOSH approved, self-contained
breathing apparatus (SCBA) with a 60 minute-rated bottle. The Coast Guard
uses 60 minute SCBA's an standard equipment for hazardous chemical response.
These types of SCBA's are somewhat larger than the conventional SCBA's and
allowances must be made in the suit design for their use. Other features of
the Chemical Response Suit impact this choice of respiratory protective
equipment. For example, the attachment of the gloves to the glove rings lets
a user remove his hands from the garment sleeve and adjust his or her
breathing apparatus, if needed. Also, one reason for locating the closure in
the rear of the suit was to allow easier exchange of SCBA air bottles for
extended missions.

The cooling garment developed for earlier suit prototypes (described in
reference 3) was adopted for use with early versions of the Chemical Response
Suit. The cooling system consists of a separate full body garment which has
'cooling' panels on the front and back of the upper torso and thighs. Cold
water is circulated through these panels, absorbs body heat and is returned to
a heat exchanger built onto the front of the Chemical Response Suit. An ice
water slurry is used to cool the water which returns to the cooling garment
via small battery driven centrifugal pump. This system is illustrated in
Figures 14, 15, and 16. When deployed, the additional weight of the system
including water and ice is approximately 12 pounds, more than doubling the
weight of the suit. The effectiveness of the cooling system in preventing
heat stress has not been fully determined. Some suit wearers have expressed
that they feel 'cool' when wearing the system. However, the additional weight
of the system, plus the reduction in mobility from the Incorporatien of this
equipment, add to the physiological strain on the suit wearer. As a
consequence, more recently ordered Chemical Response Suits have been
fabricated without the cooling pouch and heat exchanger. A study was
initiated in June 1987 to fully investigate the Coast Guard cooling system's
effectiveness relative to other cooling devices worn with the Chemical
Response Suit. The results of these tests will compared for test subjects
wearing the suit without any cooling system. This investigation is being
conducted in conjuctiou with the National Institute for Occupational Safety
and Health (NIOSH).

Other clothing or equipment that can be worn with the Chemical Response
Suit include Nomex jumpsuits, TyvekR disIosable suits, communica'tons
systems, and heart rate monitors. Tyvek disposable suits are worn
underneath the Chemical Response Suit to reduce the likelihood of wearer
contamination during gross suit decontamination (to allow doffing of the suit
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by the wearer). Nomax jumpsuits can be worn underneath the suit to minimize
tUe hazards of fiashover or contact with fire. Equipment items including
comiunications systems or heart rate monitors vary wide.y, but in general
their selection is dependont on how well they integrate with both the Chemical
Response Suit and the SCBA. Remic Corporation developed a coummuications
mystem which is usable with all types oil chemical protective clothiug. 2 2

Their davoilupment Investigated several consideratious for the design and
selection of communication devices in hazardous chemical rasponse.

Overall Suit Tepting.

Pressure Testing. The most widely used methods for assessing chemical
prote-tive suit integrity involve the practice of inflating the suit to
determine leakage. Pressure testing was used to measure the integrity of all
Coast Guard Chemical Response Suit Tests following fabrication by both the
manufacturer and the renepient Strike Tem. This method tests the suit and
visor materials, suit seams, and su.it closure for gas-tightness. In the test,
the suit is inflated to a specified pressure and either the pressure drop is
measured over time, or a soap solution is applied to the outside of the suit
for observing the appearance of bubbles (to detect leaks). The suit exhaust
valves must be closed (or plugged) to perform the test, and a pressure gauge
is attached with a special fixture that replaces one of the suit exhaust
valves. ASTH F1052 specifies a maximum inflation pressure (3 inches water
gauge), a test pressure (2 inches water gauge), and an allowable pressure drop
(20Z) over a three minute period. 2 3 It also requires using the soap
solution to locate leaks if the suit does not meet the pass/fail criteria.
The Coast Guard used this method but specified higher maximum inflation and
test pressures W4 and 3" water gauge, respectively). The method is

illustrated in Figure 17 and was found very sensitive to small leaks in the
garment.

Quantitative Leak Teeting Qualitative leak testing was used to measure
the integrity of the entire Chemical Response Suit to both a gaseous and
aerosal challenge ageat in a manner simulating actual use. This testing
involved the exposure of a test subject wearing the suit and a self-contained
breathing apparatus in a closed chamber, while measuring the challenge agent
concentrations both inside and outside the suit. The ratio of the external
and internal challenge agent concentrations is known as the "intrusion
coefficent". Large coefficients indicate high suit integrity. During the
exposure, the test subject also engaged in a series of exercises to test the
suit under dynamic conditions. Lawrence Livermore National Laboratory tested
several Coast Guard suit prototypes using both Freon and polyethylene glycol
(PEG) aerosol as challenge agents. The analytical equipment for messuring
Freon (en infrared spectrometer for high concentrations and a flame ionization
gas chromatograph for low concentrations) could measure a larger range of
concentration than the light scattering photometer used to measure PEG
concentrations. As a consequence, it was possible to measure larger intrusion
coefficients for Freon. On the other hand, Freon concentration could only be
measured dicretely whereas the PEG aerosol was continuously monitored. For
the combined tests, instrusion coefficients ranging from 9,000 to 100,000 were
measured. Variations in these determinations appeared to be the result of
specific test subject exercises and the location of the sampling probe. For
example, when the sample probe was located inside the suit near the exhaust
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valve, lower protection factors were observed indicating some diffusion of the
chemical agent through the valves. Lawrence Livermore National Laboratory
also measured internal suit pressure during these tests to assess the range elf
positive pressure experienced in the suit during operation. These latter
results were used to identify overpressurization problems with the selected
exhaust valves which were later corrected. Additional information and the
results of this testing are provided in the attached Lawrence Livermore Report
(Appendix K).

Simulated Chemical Exposure. An ultimate test of the Coast Guard's
Chemical Response Suit was performed by Lawrence Livermore National Laboratory
in a hostile chemical environment. Two prototype suits were field tested at
the Department of Energy's Nevada Test Site in controlled releases of hydrogen
fluoride. These suits were placed on specially designed mannequins in two
separate tests and subjected to hydrogen flutr-ide vapo- concentrations up to
12,000 ppm for a 6 minute period. The mannequins contained a pulsed breathing
air supply to simulate normal operation of the suit's exhaust valves and four
different hydrogen fluoride detection systems. The analytical results of the
two tests indicated no penetration of hydrogen fluoride into the suit. There
was also no evidence of visible damage to the contaminated suits. A Lawrence
Livermore National Laboratory Report on this testing is provided as Appendix L.

Manned Functionality Testing. The Coast Guard conducted several Informal
manned t-e-sts7of -the Chemical Response Suit to assess ensemble comfort, fit,
and function. Manned suit testing Is of ten performed to determine the range
of activities that a user can do while wearing the chemical protective suit
and a breathing apparatus. These tests included different types of exercises
or tasks which simulated the use of the Chemical Response Suit. Results from
these tests were generally subjective regarding the design and fit of the
garment. A number of improvements were identified for changing various
features of the Chemical Response Suit. In one seiries of teats, the wearer's
physiological condition (core temperature, skin temperature, heart rate, and
blood pressure) were measured during testing to serve as a means for
quantifying the physical stress on the wearer when compared to the same tests
of the subject not wearing the suit, This study was also aimed at identifying
parameters that could be easily measured in the field for evaluating worker
condition to prevent heat stress. The most promising heat stress indicator
found was the recovery heart rate, i.e, the measurement of heart rate
following a period of rest. The results of these tests are reported in Coast
Guard Final Report, "The Measurement of Heat Strain for Workers in
Encapaulating, Impermeable Protective Clothing." 2 4

SuiOert ions

Use of Encapsulating Garments The Chemical Response Suit in the
U. S. Coast Guard's Level A suit for hazardous chemical operations where no
contact with a chemical or group of chemicals is permitted. These suits are
therefore used when the chemical involved in a response includes high
respiratory and skin absorption hazards. The criteria for selecting the
Chemical Response Suit for level A protection are described in the Coast
Guard's "Policy Guidance for Response to Hazardous Chemical Releases26 and
reference 27. The Coast Guard considers the Chemical Response Suit a
'one-uses suit, i.e., the suit is disposed of if it receives any significant
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chemical exposure. Significant exposure is defined by the on-scene commander
for a particular chemical incident. Yet in generals if the suit is worn Into
an environment where measureable chemical1 vapors are present, or if the suit
is splashed by liquid chemicals, or if an exposure cannot be determined the
suit will not be reused. The basis for this policy rests in the fact that n'o
non-destructive methods exist for determining the level of contamination a
suit receives nor the effectiveness of any decontamination procedure. Other
invesigators have demonstrated that chemical protective suit materials are
contaminated below the surface which may render many conventional
decontamination methods useless. 2 8

General Suit Use The Coast Guard Office of Engineering and Development
has prepared a suit operations manual listing procedures for donning, doffing
and maintaining the suit. This manual is specific for the use of the
Chemical Response Suit and dictates step-by-step procedures and backgound
information pertinent to using the suit.
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CHAPTER 6

CONCLUSIONS AND FUTURE PLANS

This report has described an extensive suit material/component testing
program to support the Coast Guard's use of ChallengeTh in their Chemical
Response Suit. The program represents a comprehensive approach for selecting
materials and evaluating their performance for chemical spill response and
clean-up. Moreover, this type evaluation allows end-users to understand suit
capabilities and limitations. The Coast Guard believes that the new material,
ChallengeTh 5100, will provide protection for more chemicals than any one
suit or combination of suits it now uses. Few chemical protective suits offer
the same level of documentation. It appears, however, that all primary suit
materials and components should be tested to identify weaknesses that might
otherwise go undetected. This situation was observed with the failure of the
Teflon glove materials. Garment material performance alone does not provide a
sufficient baois for making suit use recommendations. Recommendations for
using the suits must be based on the performance of the weakest material or
component.

Despite the extensive material testing conducted thus far, a number of
other tests are required for establishing complete confidence in using the
Chemical Response Suit. At the time this report was being prepared, several
type& of testing were underwa7; these included:

(1) Permeation Testing of Challenge7H 5100 against priority chemical

gases;

(2) Additional permeation tests on Chemical Response Suit seams;

(3) Permeation testing of ChallengeTh 5200 (a Teflon/fiberglass
material) against ASTM P1001 Chemicals plus those chemicals which
break through ChallengeTH 5100. Preliminar results from Chemical
Fabrics Corporation indicate that Challenge"" 5200 may have
increased physical integrity and chemical resistance;

(4) Permeation testing of promising outerglove materials such as
Siebe-North's SilvershieldTM against representative chemicals; and

(5) Exhaust valve testing against various chemical atmospheres

In August 1987, the Coast Guard plans to initiate a neo contract for
&aterial permeation testing against a large number of chemicals to expand the
list of suit use recommendations. As before, the majority of these chemicals
will be selected on the basis of their spill history and toxicity using more
recent chemical data. Some of the chemicals will be chosen for modelling
purpuses, i.e., to help deteruimt- why some chemicals permeate the material
while other slmiliar chemicals do not (e.g. allyl chloride versus allyl
alcohol). The litter testing will be used to study the chemical interactions
with ChallengeTM 5100 to determine which chemical parameters may be used to
predict material performance.
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The overall design process for the Chemical Response Suit has been
Iterative. Successive changes in suit desi&n have increased the comfort, Zit,
and function of the suit. However, some areas reqzuire improvement, as
recommended by field units using the suit. Among these are:

(1) Expending the boot splash cuff to allow vearera to move easily in
outer boots; More recent versions of the Chemical Response Snit have
been made with elasticized cuffs which may solve this particular
problem.

(2) Eliminating the cooling system and replacement with a l•ghter, sore
functional cooling devicei The enrrent cooling system is heavy*
reduces mobility, and is difficult to don. A ner study has been
initiated to evaluate the effectiveness of the current cooling system
relative to other commericol cooling devices. The recommendations
from this Investigation will be used in concideriag modifications to
the Chemical Response Suit.

(3) Developing Teflon/Nomex gloves; The Coast Gua- d will attempt to
develop gloves made out of similiar materiala as those used in the
garment. The gloves remain a principal area of weakness in the
Chemical Response Suit. Successful development of such gloves would
eliminate glove selection problems and provide uniform chemical
resistancj to the wearer.

(4) Investigating alternatives to the cofferdam; Though the cofferdam
provides equivalent protection to the user at the closure area, it
can be difficult to heat-seal in a field setting. The alternative of
a double sipper may be examined and tested to determine if this
protective feature permeation or penetration of the suit closure.

(5) Examining other suit exhaust values; The current Stratotech vaiues
have a relatively high cracking pressure (2.5 inches water gauge).
Tests at Lawrence Livermore National Laboratory have shown that
pressures fluctuate within Chemical Response Suit from 0.1 to 8.0

inches water gauge. The suit manufacturer, Chemical Fabrics
Corporation, has identifie4 an alternative valve which has both a
lower cracking pressure and high flow volume. Further testing of
this valve is being conducted by Lawrence Livermore National
Laboratory.

(6) Considering suit sizing; The "one Aise fits all" concept makes suit
fit difficult for the range of Coast Guard personnel who must wear
the Chemical Response Suit. The Coast Guard will investiqate the

possibility of a two or three size suit system in Its future
procurement of Chemical Response Suits.

The U. S. Coast Guard is actively participating in the development of
consensus standards for chemical protective clothing in both the American
Society for testing and Materials (ASTH) and the National Fire Protection
Association (NFPA). The latter organization is developing performance
standards which will apply to the manufacturing of chemical protective suits.
The Coast Guard hopes to transfer much of the testing technology it has
developed into theme standards. If thir process Is successful, the Coast
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Guard will benefit by being able to use NIPA standards an the basis for Its
protective suit procurement specifications. The ezistence of such standards
by "themselves will also encourage Improvements among manufacturers for better
materials and end-products. This type of Industry effort will therefore
reduce the Coast Guard's need to undertake expensive development prograes such
an the one described in this final report.

85



frlUENCES

(1) 'Chemical Hazard Response Information System (CHRIS)g" Coast Guard
Commandant's Instruction M16465.12A, Goverment Printing Office,
Washington, D. C., November 1984 (Stock No. 050-012-00215-1).

(2) Friel, J. V., NM J. McGoff, and S. J. Rodgers, "Material Development
Study for a Hazardous Chemical Protective Clothing Outfit," Technical
Report CG-D-58-80, NSA Research Corp.p Evans City, Pennaylvannia, August
1980 (NTIS f AD A095 993).

(3) Stull, J. 0., "Narly Development of a Hazardous Chemical Protective
Ensemble," Technical Report CG-D-24-86, U. S. Coast Guard, Washinston,
D. C., October 1986 (NTIS # AD A174 885).

(4) Bentz, A. and V. Mann, "Critical Variables Regarding Permeability of
Materials for Totally-Encapsulating Suits, Paper presented at lst
Scandanavian Symposium on Protective Clothing Against Chemicals,
Copenhagen, Denmark, November 1984.

(5) Prevost, k. J. and P. K. Bovles, "A Marine Hazardous Substances Data
System," Final Report CG-D-9-86, U. S. Coast Guard, Washington, D. C.,
December 1985 (NTIS # AD A167 289)

(6) "Fire Protective Guide on Hazardous Materials," 7th Edition, National
Fire Protection Association, Boston, MA, 1978.

(7) Hendrick, M. S. and C. B. Billing, "Selection of Priority Chemicals for
Permeation Testing and Hazardous Chemical Spill Detection and Analysis,"
Technical Report OG-D-22-86, U. S. Coast Guard R&D Center, Groton,
Connecticut, July 1986 (NTIS # AD A172 370).

(8) ASTN F1001 (1986), Standard Guide for the Selection of Test Chemicals to
Evaluate Protective Clothing Materials, Annual Book of ASTM Standards,
Part 15.07.

(9) ASTM F739 (1985), Standard Test Method for Resistance of Protective
Clothinm Materials to Permeation by Liquids, Annual Book of ASTM
Standards, Part 15.07.

(10) Man, V. et al, "Permeation of Protective Clothing Materials: 1.
Comparison of Liquid, Liquid Splashes, and Vapors on Breakthrough
Times," Paper presented at 1985 Pittsburg Conference on Analytical
Chemistry and Applied Spectroscopy, Atlantic City, 1986.

(11) Forsberg, K. and S. Faniadis, "The Permeation by Multi-Component Liquids
of Protective Gloves and Glove Reuse," Paper presented at the
Scandinavian Syposium on Protective Clothing Against Chemicals,
Copenhagen, Denmark, 1984..

(12) Michelson, R. L., M. N. Roder, S. P. Berardenelli, and L. D. Cottingham,
"Permeation of Chemical Protective Clothing by Three Binary Solvent
Mixtures," American Industrial Hygenitst' Association Journel, April
1986, pp. 236-242.

85



R.FIRECES (continued)

(13) Schwope, A. D., P. P. Costas, J. 0. Jackson, J. 0. Stull, and D. J.
Weitaman, Guidelines for the Selection of Chemical Protective Clothing,
3rd Edition, American Conference of Government Industrial Hygienists,
Inc., Cincinnati, Ohio, 1987 (NTIS as AD 4179 516 and AD A179 164).

(14) Spence, Mark W., "Chemical Permeation through Protective Clothing
Material: An Evaluation of Several Critical Variables," Paper presented
at the American Industrial HygLenists' Conference, Portland, Oregon,
1984.

(15) Michelson, R. L. and R. C. Hall, "Breakthrough Time Comparison of
Nitrile and Neoprene Glove Materials From Different Glove
Manufacturers," Paper Presented at 1986 American Industrial Hygenists'
Association Conference, Houston, Texas, May 1986.

(16) DuPont Technical Bulletin on VitonR Coating, 1985.

(17) Stull, J. 0., "Criteria for Selection of Candidate Chemical Protective
Clothing Materials," J. Industrial Fabrics, Vol. 4, No. 2, 19.85, pp.
13-22.

(18) ASTM F903 (1985), Standard Test Method for R.sistance of Protective
Clothing Materials to Penetration by Liquids, Annual Book of ASTM
Standards, Part 15.07.

(19) Berardenelli, S. P., and E. Moyer, "Methyl Isocyanate Liquid and Vapor
Permeation Through Selected Respirator Diaphragms and Chemical
Protective Clothings," American Industrial Hygenists' Association
Journel, April 1987, pp. 324-350.

(20) Stull, J. 0. et al, "A Comprehensive Materials Evaluation Program to
Support the Development and Selection of Chemical Protective Clothing,"
Proceedings of the 1986 Hazardous Material Spills Conference, St. Louis,
April 1986.

(21) Weeks, R. W. Jr. and M. J. McLeod, "Permeation of Protective Garment
Material by Liquid Halogenated Ethanes and a Polychlorinated Biphenyl,"
Technical Report DHHS S1-110, NIOSH, U. S. Government Printing Office,
Washington, D. C., January 1981.

(22) Blood, B. D. and R. E. Radke, "Development of a Communications System
Compatible with Chemical Protective Clothing and Equipment," Technical
Report CG-D-18-86, Remic Corporation, Elkhart, Indiana, June 1986 (NTIS
i AD A170 683).

(23) ASTM F1052 (1987), Standard Practice for Pressure Testing of Totally-
Encapsulating Chemical Protective Suits, Annual Book of ASTM Standards,
Part 15.07.

87

LP hIW 9IU



REFDRENCES (continued)

(24) Kley, W. D., "An Evaluation of Heat Strain Monitoring Methods for
Workers in Encapsulating, Impermeable Protective Clothing,: Technical
Report CG-D-12-87, University of North Carolina, Chapel Hill, North
Carolina, May 1987 (NTIS # AD Al80 555).

(25) Veghte, J. H., "Physiologic Field Evaluation of Hazardous Materials
Protective Ensembles," Paper submitted to 2nd International Symposium on
the Performance of Protective Clothing, Tampa, Florida, January 1987.

(26) U. S. Coast Guard Commandant': Instruction M16465.30, "Policy Guidance
for Response to Hazardous Chemical Releases," U. S. Department of
Transportation, Washington, D. C.

(27) Gaines, R. B., "The Role of the U. S. Coast Guard Strike Teams in
Hazardous Chemical Response," Paper submitted to 2nd Internatioual
Symposium on the Performance of Protective Clothing, Tampa, Florida,
January 1987.

(28) S. Z. Manedorf, "Risk Assessment of Chemical Exposure Hazards in the Use
of Chemical Protective Clothing - An Overview," Performance of
Protective Clothing, ASTM STP 900, R. L. Barker and G. C. Coletta, Ed.,
American Society for Testing and Materials, Philadelphia, 1986, pp.
207-213.

88



APPENDIX A

SELECTION OF PRIORITY CHEMICALS

(Condenused from Reference 7)



CLASSIFICATION OF CHEMICALS

Encapsulation Requirement:

+ Exposure to chemical requires encapsulating protection based 0"
recommendations in "Material Development Study for a Hazardous
Chemical Protective Clothitg Outfit," Technical Report CG-D-58-80
(reference 2).

- Exposure to chemical does not require encapsulating protection, or no
determination on the need for encapsulation has been made.

Spill History:

4 •m •a • tn • wpLU. zw~artd t• Va ?llwtlon

Infoxuation as reported in the U. S. Coast guazd Pollution Incident

- No spill history -ezats for tbo- ebemical 4uring 1079-1983 in the
Pollution Incident Reporting System.

Hazard Level:

A Chemical has been assigned either a carcinogen class "l" or highly
toxic "2", or is toxic through skin absorption as reported in "A
Marine Hazardous Substances Data System," Final Report CG-D-9-86
(reference 5); or the National Fire Protection Association has
assigned the chemical a "4", its highest health hazard rating
(reference 6).

B Chemical has a hazard assessment index of "3" as reported in
reference 5, or a NFPA rating of "3".

C Other chemicals not included in eittier classes A or B.

S~A-I



Hazard
Class

I+
CL

Spill Hist'ory
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CHEUCALL PRIORITY CATEGORIES
SELECTED FOR TESTING

"Cer -A All chemicals at Hazard Level A. Only 12 of these chemicals
hd no seip gnated as requiring encaprulation. A decision was made to
include then In the testing group to avoid relying on a single source of
personnel protection safety information (reference 2). This group Included 51
chemicals.

Category IB - Hazard Level B chemicals with both an encapsulating suit
requirement and a spill history. There ware 24 chemicals in this group.

Category IC - Fourteen chemicals which had both a spill history and a need for
encapsulating protection, but were not either of Hazard Level A or B.

uC~ately"e U MA-d 3u1el B vtxh a i* l Wstry IM u4M at
require ensapsulating protection., This group Included 27 chemicals.
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TABLE A-1

KEY TO DETECTOR CODES AND COLLECTION MEDIA FOR PERMEATING TESTING

Method of Detection Collection Medium

Gas Chromatographic Techniques

F - Flame Ionization Detector ....................... air
E aElectron Capture Detector ........................ air
H a Hall Detector .ai........... ........... ...... air
FP - Flame Photometric Detector .... .................. air

£ - olorlmatric standard method or
commerlcal test kit based on *elsd ... Nt.........

Ion Chromatography

A - Anion Column ... water
Cat - Cation Column .................... *............. water

Other Techniques

SI - Specific ion electrodes ......................... water
P - Polarography .................................. water
IR - Infrared spectrographic analysis ................. air
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TABLE pr2

Group I-IVA Liquid Chemicals
Arranged by Number of PIRS Spills ('73-'83)

PS - PIRS spills
S a Need for encapsulated suit (Y-Yes)

CHRIS CHEMICAL NAME DETECTOR CODE PS S

!NZ benzene F 91 Y
TOL toluene F 81
ST" styrene F 59
CR5 cresol F/C 33
PHN phenol F/I 26
FNS formaldehyde C 17 Y
NTC methyl chloride H/F 15
ACN acrylonitrile F 12 Y
NAC nitric acid A/C 8 Y
VAN vinyl acetate F 8 Y
41aC4jwSM uddgm leorfde dV.E 8 1
-M =ft" "~t"Itwidu e "if 6
HFA hydrofluoric acid A/C 6 6
= HL flw luu 00 11 5 Y/
ANI ethyl taine 3 4 Y
CRF chloroform H/E 3 Y
EAM ettiylamine I F
ANL aniline 2 Y
BAN n-butyl alcohol F 2
BCL benzyl chloride F 1 Y
BVA t-butyl amine F 1 Y
CSA chlorosulfonic acid A 1 Y
EPC epichlorohydrin H/E 1 Y
HCN hydrogen cyanide SI/C 1 Y
NPT methyl parathion mp-65F FP 1 Y
NTB nitrobenzene E 1 Y
PTO parathion FP 1 Y
POX propylene oxide F 1
TEC I•.2,2-tetrachloroethane H/E 0 Y
DPC 1 ,3-dichloropropene H/E 0
DOX 1,4-dioxane F 0
NPP 2-nitropropane F/FP 0 Y
ALC allyl chloride H/E 0 Y
BRX bromine C/P 0 Y
CBB carbon disulfide(bisulfide) E 0 Y
CPL chloropicrin H/E 0 Y
CTA crotonaldehyde F 0 Y
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TABLE A,2 (continued)

CHRIS CHEMICAL NAME DETECTOR CODE PS S

DEE dichloroethylether H/E 0 y
DIA diisopropylanine F 0
DSF dimethyl sulfate FP 0 Y
EDB ethylene dibromide H/E 0 Y
EDC ethylene dichloride H/E 0 Y
"TA glutaraldehyde F 0 Y
HFX hydrogen fluoride C/A 0 Y
IPP isopropylamine F 0 Y
MFA motor fuel anti-knock compounds (lead alkyls) E 0 Y
TLI o-toluidine F 0
STC silicon tetrachloride E 0 Y
TOI toluene diisocyanate F 0 Y
ACY acetone cyanohydrin F 0 Y
BAN n-butylamine F 0 Y

There are a total of 51 chemicals.

"11oe are a total of M spills.
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TABLE A-3

Group I3 Encapsulated Stilt Liquid Chemicals with a Spill History
Arranged by Number of PIRS Spills (173-'83)

PS a PIRS spills
H a Hazard Index
N a NFPA classification

CHRIS CHEMICAL NAME DETECTOR CODE PS H N

SFA sulfuric acid A/C 128 3 3
AAC acetic acid F 13 3 2
ACT acetone F 11 3 1
EAC ethyl acrylate F 11 3 2
ACR acrylic acid F 10 3 3
NIK methyl isobutyl ketone F 5 3 2
AAD acetaldehyde F 4 3 2
TCE trlchloroethane H/E 4 3 2

ATN acetonitrile F 2 3 2
ALA &111 mUa l 12 3 3
11 10,16,0101-O-,PM rE 2 3 2
ACC acetyl chloride IR 1 3
ARL ecrolein F 1 3
MAN methyl acrylate F 1 3 2
TEL tetraethyl lead E 1 3
XYL xylenol F 153
DNA di-n-propylamlne F 0 5 3
KDZ hydrazine P/C 0 3
PRA n-propy.1 amine F 0 4 3
OLM oleum A/C 0 3 3
PPT phosphorus trichloride E 0 3
CSS sodium hydroxide solution cat 0 3 3
ThL tetramethyl lead E 0 3

There were a total of 199 spills.

There are a total of 24 chemicals in this group.



TABLE A-4

Group IC Encapsulated Suit Liquid Chemiwct with a Spill History
Arranged by Number of PIRS Spills ('73-'83)

PS w PIRS spills
H a Hazard index
N a NFPA index

CHRIS CHEMICAL NAME DETECTOR CODE PS H N

PCB polychlorinated biphenyl compounds E 92
CON chiordane E 3
HPO hydrogen peroxide 601 C 2 2
MLT malathion FP 2
BTR n-butyraldehyde F 252
SHR sodium hydrosulfide solution C/A/Cat 2 5
ETO ethion FP 1
ETC .thYlm rS &mID f 1 $ 2

'.LD naled 1 I
PPO phosphorus oxychloride C/A 1
SFN sultIr actl0 ide C^ 1 2
T2P tetvaethyl pyrophosiphete vP 1
CCT creosote F 0 5 2
COH cumene hydroperoxide F 0 1

There were a total of 109 spills.

There are a total of 14 chemicals in this group.



TABLE A-5

Group IlIB Non-encapsulated Suit Liquid Chemicals with a Spill History
Arranged by PIRS Spit•is (173-183)

PS a PIRS spills
H a Hazard assessment index
N a NFPA classification

CHRIS CHEMICAL NAMF DETECTOR CODE PS H N

XLN xylene (meta-xylene as model) F 92 3 2
EGL ethylene glycol F 23 3 1
PAC phosphoric acid C/A 22 3 2
CHX cyclohexane F 17 3 1
HAL methyl alcohol F 11 3 1
qTH naphthalene F 10 3 2
EAL ethyl alcohol F 9 3 0
NEK methyl ethyl ketone F 6 3 1
IM A*$1a iwt IMA 5$ 3 3
in tvrle•ftih F S 3 1
DCN methyl ene , lari& NH/1 4 3 2
ilM 0siMý v 431
T evty1 b==e F 332

MW methyl methacrylate F 3 3 2
DEA diethanolamine F 2 3
CRB chlorobenzene H/E 1 3 2
ETA ethyl acetate F 1 3 1
EET ethyl ether F 1 3 2
FFA furfural F 1 3 2
BCN n-butyl acetate F 1 3 1
BTC n-butyl acrylate F 1 3 2
PAL n-propyl alcohol F 1 3 2
PNA propionic acid F 1 3 2
GAT gasoline F 0 3 1
IPA isopropyl alcolol F 0 3 1
NSS naphtha F 0 3 2
TTE tetrachloroethylene H/E 0 3 2

There were a total of 224 spills.

There are a total of 27 chemicals in this group.

0lP



TABLE A-S

PRIORITY LIST HAZARDOUS CHEMICALS

In order of Spill Frequency

CHRIS CHEMICAL NAME PIRS SPILLS

SFA sulfuric acid 128
SHD caustic soda (sodium hydroxide) 95
PCB polychlorinated biphenyl compounds 92
XLM xylene 92
BNZ benzene 91
AMA a&monta 85
TOL toluene 81
HCL hydrochloric acid 63
STY styrene 59
CLX chlorine 35
CRL cresol 33

TGL ethyl*" gly7o0 23
PAC phosphoric aci 22
RU ftrmlde• 17
CHX cyclohexaite 17
RTC methyl chloride 15
AAC acetic acid 13
TTE tetrachl oroethylene 12
ACN acrylonltrile 12
ACT acetone 11
EAC ethyl acrylate 11
HAL methyl alcohol 11
ACR acrylic acid 10
NTM napthalene 10
EAL ethyl alcohol 9
NAC nitric acid a
VAN vinyl acetate 8
VCI vinylidene chloride 8
ALM al umi num sulfi te 7
CBT carbon tetrachloride 6
HFA hydrofluoric acid 6
MEK methyl ethyl ketone 6
TCL trichloroethylene 5
EDA ethylenediamine 5
MIK methyl isobutyl ketone 5
TPT turpentine 5
MD acetal dehyde 4
DCM methylene chloride 4
HXA n-hexane 4

A--I1



TABLE AWCOfltllued)

CHRIS CHEMICAL NMAE PIRS SPILLS

TCE trichi oroethane 4
CRF chl oroform 3
FAN ethylamine 3
PPM phosphorus 3
ETB ethyl benzene 3
NIN methyl methacrylate 3
ANI aniline 9.
ACA acetic anhydride
ATH acetanitrile 2
ALA allyl alcohol 2
DEA diethanol amine 2
MLA maleic anhYdrlde 2
BAN n-butyl alcohol 2
BCL benzyl chloride I

DINA dimethylaulne1

WTI uitrobenze 1
POX Drooviene oxide1



APPENDIX B

TEST hETHODOLOGY FOR PERMEATION TESTING AND
DETERMINATION Or MI4IHUM DETECTION LIMIT

(Contractor Report by Tezas Research Institute)
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1.0 INTRODUCTION

The majority of the time in the reporting period was devoted to
setting-up for testing. This included modifications of the test apparatus
to accommodate three permeation cells, and addition of valves and plumbing
to permit the introduction of the permoant at a known concentration for the
purpose of establishing minimum detectable limits. The Apparatus and test
results are described below.

2.0 PERKEATION TEST APPARATUS

A photograph of the apparatus is attached as Figure 1, and a schematic
of the valving and plumbing is shown in Figure 2. This configuration is
different from the original design presented to Lt. Stull, the Project
Officer, and Dr. Alan Betz, the COTR. The apparatus will simultanrously
monitor the collection gas (N2 ) from three cells. Rather than switching

from cell to cell, the system is currently monitored by routing the
el lieclan gas fro• tba cal" Lnato a cmon a4im 4wd 4b" Jiuetrlvz a

portion of this to the 1hiotolonftwtin 4mutmor -MM. ¶Imm %7 vf
composite testing was established to permit a more rapid tasting. No break-
th•ough will be observed with the majority of Am .c dmm8aat ft 3-
hour maxinuu exposure period. Therefore, testIW 4 tem. dbiem1s with
individual calls for 3 hours each would result in 9 hours of negative data.
If breaktbrough is ebse•rvd, -the ells will be *•.1vn dmully mud
average breakthrough times and permeation raies will be calculated.

The testing is conducted in the following manner. Instrument-grade
nitrogen is introduced into the system through three flow meters, each
controlling the flow to the collection side of the permeation cells (refer
to the yellow lines in Figure 2). Flow rates are set at 90 ml/min., which
is equivalent to two volume changes per min. In the collection side.
Preliminary experiments have shown that with toluene as a permeant and
plasticized polyolefin as the barrier, flow rates did not affect break-
through times except below 30 al/min. It was reasoned that flow rates above
90 ml/min. would only decrease the sensitivity of the system. More impor-
tantly, an increase in flow rate would result in a substantial increase in
pressure. This pressure against the sample would more than likely alter the
permeation rate. All of the tubing and fittings throughout the system are
narrowbore glass, Teflon, and stain!3ss steel and are not conducive to high
(> 100 ml/min.) flow rates without rises in pressure. It might by argued
that this flow rate is insufficient to result in vaporization of rapidly
permeating and poorly volatile chemicals. If this case were to happen, TRI
feels that results from every test system could be questioned. Breakthrough
times are not expected to vary appreciably. However, permea-tion rates
would reflect both diffusion plus the volatilization rate of the chemical.
Thus, the flow rate and resulting volatilization rate in one system would
give different results from another system even though the recommended
minimal flow rates, as specified by the ASTH Standard, were met.
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The carrier gas exiting the cells is split, so that 60 l/rin, is
routed to the PID and the remainder is vented (refer to blue lines in Figure
2). The portion going to the detector flows first through a Swagelok needle
valve to control the split and then that to a two-position valve with
positions marked "C" and ID". Fr.a this valve the gas can either flow
directly to a second valve vith positions WA and 03" or arrive at that
valve via a calibration injection valve. The gas can then be routed to the
PID or to the port for trapping with adsorbents.

A typical test might proceed as follows. A cell is prepared and
attached to the system without the challenge chemical. The glassware and

Teflon gaskets are baked in a vacuum oven at 1000C to prevent out-gasing of
contaminants. The flow rate and electrometer/detector settings are estab-
lished to record a steady baseline. T1. timing of the test begins upon
addition of the challenge chemical. ,The recorder indicates the breakthrough
time and the lag period before steidy-state permeation is reached. When
steady-state permeation is indicated, the valve Is switched to position 'B"
thus diverting the gases to the adsorbent trap (..g., charcoal, Tenax,
d .nseemb, &12S= w2)- 9wem adstmn bmab •n usd me cU J
discrete sample volumes. These tubes are desorbed and analyzed by gas
chromatographic t cbnsLaWa'!.fied by the NIOSH Manuals. If no break-

shm ee==: d* I 3 t .usim t Wm ar ds Saw
checking the sensitivity =6d umiralu detectable limits for tbe systin are
employed.

The first method involves the establishment of a known concentratior -

toluene in the system. Figure 2 depicts the process of calibration wit'..
toluene. A 10.2 ppm toluene in nitrogen mixed gas (Scott Specialty) is
routed through a flow meter (marked toluene) and joins downstream to a
nitrogen line. The two flow meters (toluene and nitrogen) al~ow the mnxing
of a standard gas containing from zero to 10.2 pps toluene. The mixed gas
is then routed through the system to the PID. Figure 3 shows a typical
detector response in millivolts as a function of toluene concentration from
one to five parts per million. The scatter in data points is not due to the

detector response, but rather to the inability to accurately produce a

toluene standard using the flow meters. However, for these purposes the
accuracy of the toluene standards is acceptable. T7he sensitivity of the

system exceeds the limits of the flow meters to mix a very low (< 1 ppm)
toluene standard. The noise in the system is ± 0.4 mv. A signal that is

twice the noise would be easily recognized. Based on this assumption, a

signal of 0.8 my above baseline would be the minimum detectable limit. For

toluene, the 0.8 my response would correspond to 0.04 ppm toluene at a 60

ml/min. flow rate through the detector.

Ocher chemicals with a substantially different response will have

different minimum detectable limits with the PID system. Therefore, if no

breakthrough occurs, HDLs will be checked in an empirical manner by a second

method. This involves a 6-port injection valve and calibration sample loop

that is illustrated in Figure 2. A static gas sample is prepared with
glass, gas
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RECORDER RESPONSE VS ITOLUENEI
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Figure 3 - Sensitivity and Linearity of PID to Toluene.
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collection bottles equipped with septa. Typically, the standard is prepared
by volatilization of a known amount of the chemical followed by appropriate
dilution. The prepared standard (S I ppm) Is then loaded in the injection
sample loop (10 ml) and injected in the system at 60 mi/min. The detector
will respond for approzimately seven seconds to this chemical. Assuming
linearity in the detector responise, an MDL will be calculated at a signal
that is twice the noise. This value will always be overstat ', simply
because the standard chemical that is injected will be less than the
calculated concentration due to unavoidable sorption of the chemical to
glass and metal surfaces.

2.1 Zprobla Areas

The permeation testing of the Challenge 5100 material has been slow to
get started,. There are several reasons for this. One is the re-fixturing
'o accommodate three cells and to provide for a method of establishing NDLs

for each chemical. The following is a list of gliches and met-backs that
have been corrected:

(1) Off-gassing of hydrocarbons frum 0-rings and adsorption of
permeants by O-rLig.. Corrected by going to all stainless steel
and glass construtIum with aheot segments . TeUleM tubing.

(2) eJaks Jn cello b.ca•us &I bck-4prO.auxe &Q& low dead volume
tubir: and Improper tLght-.'ng& of flanges. Corrected by re-
plumbn,6 the system to elLairiate back pressure. Verification of
leak-proof assembly was achieved by testing of cells with a
device containing a magnahe.lc gauge. Small leaks can be quickly
detected during assemoily of the cells.

(3) Sensittvity of the system to vibrations and temperature changes.
Corrected, as best as possible, by placement in a stble
envirorment.

(4) Problems with off-gasing of previously used Teflon gask*ts and
glassware. Corrected by incubation of the gaskets In a vacuum
oven at 100 C.

(5) System shut-down due to damaged UV light source. Corrected by
repleroment of the light source. The light source was of a new
design, thus necessitating a restart of permeation -esting
because of different sensitivity.

(6) Adsorption of chomicals on the walls of the stainless steel
tubing. It is apparent that some adsorption of chemicals will
uwavoidably occur on the walls of the tubing. This has been
observed with system checks using toluene. TRI Is still In the
process of grappling with this problem which is common to all
sensitive permeation test apparatuses. The only area that is
affected Is the mini mum detectable limits because the path of the
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NDL standards Is not exactly the svme As the permeants. If no
solutions can be found, MDL values will be expressed as *lese
than or equalO values. that is, if 0.1 ppm of a standard gave a
detector signal of tovce the noise, then the NDL would be
reported as : 0.1 pMe. The less than figure would signify that
ths concentration at the detector was probably less than 0.1 ppm
because of adsorption, but If there were 0.1 ppm at the detector,
the detector response would have been at least twice the noise.

3.0 USULTS

Couplete tests of the material with toluene, styrene and cresol have

been completed. These are attached in the requisite formatting and with

Xerox copies of actual recorder tracings. Phenol has been tested with no
breakthrough. ftvever, these results are pending the establishment of KDLs.

4.0 wW1cm Itne1

The .1ozam Is seremtly working well except for the previAously
stated pcoblem with esbliuhimng Ls. Rather then delay Mstiug, TM2 U12
continue to do the tasting and establish NDLs at a later date, when other
ideas have tested. 'iM Viii continue to use the toluene standard to verity
reproducibility and sensitivity of the system.

The projected schedule is 10 chemicals per week. This schedule wae
started April 3 end barring unforeseen problems, the 117 chemicals will
easily be completed before the end of the fiscal year.

It is suggested that the COT& visit TR1 for discussions on MDLs. future
work with mixtures, and analytical methods that do not use gas chromato-
graphy. it is also suggested that test sheets of well-characterized
neoprene be provided to TRI for testing with one or more chemicals. This
testing will ensure that test results with the PID system are comparable to
those reported by other investigators.



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION DATA
(One MaterLal-One Ch~aica1 Series)

I. DESCRIPTION Or PRODUCT EVALUATED

A: TYPEt Teflon laminated WMEX
3: MATERIAL GENERIC HAM: Challerge 5100
C: CONDITION UFO&& TEST: Unused. no visible Lmerfections - -

D: SUPPLIERt Chemical Fabric Corp..

9: CATALOG NUMBER: N/A
I: LOT OR MANUFACTURER DATE: N/A
G: NOMINAL THICKNESS: 1ý-20nml -

a: DESCRIPTION: -

11. TEST METHOD (ASTM 1739-81 or EQUIVALE9?)

A. DATE TESTED: April 2. 1986
5. TESTING LABORATORY: Texas Research Institute

9DI5 ft c %d. Z;RNs.l w 67433 a

C. ANLTrICAL Th0D: C'.tnospoool ato detection
D. TEMPERATUIJ' .: 22-2505. WoLLErTIol Mu; I.

SU'hIN: N,:

P. OTHER TIST CONDITIONS: mEmImIN__i___I

G. DEVIATIONS FROM ASTH F739-81 METHOD: nlow rate to cewls wasi =Occ/ n
H. COMElNTS:

I1. CHALLENGE CHEMICAL

A. CHEM AMAE(s) : Toluene : Tolueea . : Toluene
B. CAS NUMBER(s): 292,' 292 : 292"
C. CONC. (IF NIX): N/A ..N/A
D. CHEMICAL SOURCr:J.1. Baker :BakeT. lkr :Jt. r

aeagent &rade : Reagent trade :&&eagent grade

IV. TEST RESULTS

A. NUMBER OF SAMPLES TESTFD: Three
3. BIREATIROUGH TINU: No breakthrough was observed after 3 hours.

MIN DETECTABLE LIMIT: 0.04 ppm
C. STEADY STATE PERMEABILITY RATE: N/A

ANLLYTICAL SZNSITIVITY: 0.3 Coulcnha/ (ean
D. SAMPLE "HICV.NESS: 17-19 mill
E. OTHER ORSEkVATI&ONS: _ _ _ _ _ __m_ _

V. SOURCE OF DATA
Samples were run by K!ý7AI Verechoor on April 2. 1986

• __ im i n
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21.0 INTRODUCTION

I The determtnation of minimum detection limits is necessary to obtain

I meaningful permeation results for the USCG project. A syringe pump method

has been used with satisfactory results with TRI's permeation test system.

I This final report outlines the f~rther development of this methodology.

Completion of this third task order also includes an application manual and

fabric-tion of the system.

2.0 EQUIPMENT

The apparatus eed to iperform the petmeation t4.tieg cietiwts of ASTm

standard two inch or one inch glass permeation cells w.th PTFE gaskets and a

photoionization detector. Stainless steel tubing and short pieces of

flexible PTFE tubing allowed a flow of nitrogen to continually sweep through

the collection sic" of the cell to the detector. The photoionization

detector was an HNU model PI-52-02 outfitted w! i either an 11.7 or 10.2eV

lamp. The response from the detector was recorded on a Houston Instruments

I. strip chart recorder.

1 A Sage Instruments syringe pump Model 341 was used with an SGE, gas

tight, removable-needle, 5 Vl glass syringe to pump the chemical of Inter-

I est. The syringe was outfitted with iieedles cut from small diameter

vitreous silica tubing. The syringe was modified to better fit the needs of

the system.

rI

I JL
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3.0 METHODS

The permeation test apparatus was operated by methods consistent with

ASTM method D-739. Standard 2 inch permeation cells were used in which

aluminum foil was sandwiched between the challenge side and the collection

side of the cell to c-eate an impermeable b.arrier for KDL determination.

Nitrogen flowed at 100 cc/min into the collection side of the cell, across

the sample surface and out to the photoionization detector in an open

Jeep system. Tbe calJectaa side of tUe cell -s aafly a oa.i tored for

the presence of the challenge chemical.

Minimum detection limits were determined by pumping the chemical of

interest into the collection side of a standard permeation cell at a very

slow rate using a syringe pump. The chemical was filtered prior to filling

the syringe using a 0.2 micron disposable filter assembly. The tip of the

needle was placed into a specifically fabricated glass joint fitted to the

permeation cell (see Figure 1).

A constant low level concentration of the chemical of interest was

delivered to the detector via the same pathway a permeant would travel. The

pump rate could be adjusted frra a minimum of 0.116 ll/hr to many higher

settings. The concentration of the chemical of interest being delivered to

the detector was calculated using the following equation:

B-)

11• ',•¥e • Un% • I'' t L'• •• ' '~
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I FIGURE 1
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Sdx MV x PR

MW x F

where d Is the density. MV is the solar volume (24,450 (pl/mmole)). PR Is

the syringe pump rate (pl/hr), MW is the molecular weight (mg/mmole), and F

is the nitrogen flow rate (1/hr).

The millivolt response generated from the determined concentration was

used to calculate the minimum detectable limit. The minimum detectable

limit owas subject©Iveiy lfia,*d as Vhe ccAcentratlam careapoadla to the

response that wastarie the njose Jevel. The noise. level as determined as

the long teru fluctuation from the average baseline.

4.0 APPLICATIONS

Initially the response generated by the slow introduction of the

chemical into the permeation cell was not a smooth recorder tracing. The

tip of the needle was placed directly In the stream of nitrogen entering the

collection side of the permeation cell. This resulted in a wildly pulsating

response that centered around the expected value. This was possibly caused

by microdroplet formation at the tip of the needle. An increased response

I [was produced when the droplets were dispersed by the force of the

nitrogen stream and evaporated. This was followed by a period of lower

response while the microd-oplet was reforming.

Il
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To alleviate this problem, the needle was then placed Into the adapter

at the glass Joint of the permeation cell. This removed the tip of the

needle from the turbulent nitrogen stream and forced the chemical to diffuse

down the glass adapter before entering the outlet stream. This diffusion

process helped to average out minor concentration variations. It was found

that the placement of the needle closer to the nitrogen stream caused a more

varied response. Placement of the needle tip In the center of the length of

the ground glass stopper provided the optimum response.

Three sizes of capillary tubing (0.025. 0.050, and 0.075 mm inside

diesmter) were used as needles In the system. It was ezp-tedb tMt a

smaller diameter tubing .would decrease the sizeaf the alcradroplet taramd

and help decrease the amplitude of the pulsing response. :he tubing had no

apparent effect on the response.

A disk of glass fiber filter was cut to fit the inside diameter of the

ground glass adapter and placed at the tip of the reedle. It was expected

that the filter would act as a uicroporous diffuser and reduce the pulsing

I effect of the microdroplet formation. In actuality the filter was found to

act as an absorbent, retaining the chemical of interest and holding it for a

period of time that decreased the efficiency of the MDL determination. It

was also difficult to keep the filter in place at the tip of the needle.

I ~I
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Temperature had a strong effect on the response generated. Minor

Increases In temperature such as those produced by touching the needle

I created a spiked response. The signal would then fall below the expected

value before resuming the Initial response. This effect could be explained

by thermal expansion of the liquid within the barrel of the syringe and the

needle Itself. Efforts were made to Insulate the needle, although this had

little effect on improving the pulsing of the response.

The cells and syringe pump were placed in an Incubator In an effort to

thermostat the system. This effectively smoothed the signal. Some pulsing

was observed that could be attributed to the turning on and off of the

heating element to produce slight fluctuations In temperature. The liquid

I In the needle and the barrel of the syringe emulated a very sensitive

thermometer. The expansion and contraction due to temperature changes

altered the rate of delivery. Because of this "thermometer effect" it was

j critical that the temperature be precisely and smoothly maintained.

I The concentration delivered to the detector Is strongly dependent on

the flow rate of nitrogen to the detector and the flow rate of the chemical

of Interest Into the cell. Any leaks In the system or variances In the flow

I rate had a substantial effect on the response.
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The syringe itself was evaluated and modified to better fit the needs

of the system. A metal stop was added near the end of the barrel to keep

the barrel from slipping in the pump's syringe holder. The syringe guide

tip was glued to the base of the syringe to eliminate one source of leaks.

It was found that the PTFE tip on the plunger must fit tightly in the barrel

of the syringe to insure that the correct amount of chemical Is delivered

into the permeation cell. It was believed that at slow pump rates a portion

of the liquid escapes around the tip of the plunger resulting in a lesser

amount of chemical being delivered to the cell.

Detector response for toluene was 1nvestlgated as a 1ýtinm of

standard 1" and 2" permeation cells. There was no discernible difference in

I the response values.

I 5.0 VALIDATION

Known concentrations of standard toluene gas were introduced Into the

system and compared with the detector response from toluene Introduced via

the syringe pump (Figure 2). As expected, the responses generated from the

standard toluene gas were linear with respect to concentration (square

symbols in Figure 2). Neat toluene delivered into the system by the syringe

pump is shown with the triangular symbols in Figure 2. The lowest concen-

tration, 4.45 ppm, was calculated from the slowest pump rate (0.116 pl/hr)

at a flow rate of 100 ml/min. Lower levels of toluene (circular symbols)

were achieved by diluting the toluene in acetonitrile, which is not seen by

I 2
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Figure 2. Comparison of the Responses of Toluene Introduced via the
Syringe Pump with Known Concentrations of Toluene Gas.

Standard toluene gas concentrat.ons (U);
Calculated toluene levels frnm neat
Toluene introduced with the syringe puLp (A);
Calculated toluene levels from toluene
diluted in acetonttrile and tntroduced
with the syringe pump (0)-
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the photolonization detector. Figure 2 illustrates that the calculated

concentrations of toluene delivered by the syrinZe pump are the same as

known levels of standard toluene gas and that the syringe pump method can

reproducibly Introduce toluene vapors into the permeation test system in a

liiaear fashion.

The dilution of toluene In acetonitrile is an example of an effective

method to achieve low concentrations for MDL determinations. The chemical

of Interest is diluted In a volatile solvent that is not detected by the

method of analysis. Tor exaple. for sy•tems uslm sletri"n cvvtut Otec-

tors. 2.2.4-trlmethylpentane or other appropriate alkm smmmold h mm um

a dilution solvent. In addition to dilution, solvents provide an effective

method for Introducing less volatile and viscous compounds Into the system

for MDL determination. The highly vplatile solvents would act in vaporizing

the chemicals that would tend to remain at the tip of the needle in the

neat, liquid state.

Five other chemicals (acetone. benzene, hexane. tetrachloroethylene.

and styrene) with varying volatilities were also tested in the syringe pump

system for linearitl, of response. The resulti of these tests are outlined

W in Figures 3-7. The linearity of the responses indicates that the syringe

pump method Is applicable to MDL determinations for other organics.

A
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6.0 CONCLUSION

Reported breakthrough times in permeation testing are strr ly depen-

dent upon the sensitivity of the analytical method used. The standa.d

method. ASTM D-739 gives guidelines for performing permeation testing but

does not specify the analytical methods or the complete test apparatus. A

universal technique for comparing and correlating results from different

systems is needed. The syringe pump method Is an effective technique which

delivers known concentrations through the same pathkway that the permeant

would travel. It allows detection limits and permeation testing to be

.performed at differeat times and correlated by tbe relationshp• of a

standard gas (toluene). thus compensating for differences in sensitivity.

Differences In the size of tubing, size of permeation cell. and position of

the needle tip have little effect on the efficiency of the system. Modi-

fication of the syringe, attention to flow rates, and maintenance of a

constant temperature are Important Items to consider when optimizing the

syringe pump method for determining NDLs.
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j 1.0 INTRODUCTION

An innovative method for determining minimum detection limits in

j• permeation testing has been developed. A syringe pump is used to deliver

the chemical of interest into a standard ASTM permeation cell at a very slow

rate. A constant low level concentration of the chemical of interest is

sent to the detector via the same pathway the permeant would travel. The

purpose of this manual is to instruct the reader in the application of this

j system.

2.0 INSTRUMENTATION

I Sage Instrumints Model 341 syringe pump

SGE gas tight, removable needle, 5ul glass syringe

SGE vitreous silica tubing, 0.075mm

Glass adapter and fittings

Standard ASTM permeation cell. I or 2 inch

I 3.0 CALIBRATION

* j Calibration of the syringe pump is necessary to determine

the rate of delivery of the chemical of interest.

A. Plug In the syringe pump and note that the power light

. Is P n when the toggle switch is set to either pump rate (li/mgn

I or ml/hr).

L QB-2lal
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B. Place the drive carriage (black box) on the gears at the

far right position, making sure the box is parallel to the edge

of the pump.

C. Mark the position of the drive carriage (a piece of

masking tape works well for this).

D. Set the rate selector switch to 1. Turn he mode switch

to the "on al/hr" position.

E. Rake note of the time. Allow the pump to operate at

least 24 hours.

F. Turn off the pump and again note the time. Measure the

distance the drive carriage has traveled In centimeters.

G. Calculate the delivery rate using the following equation:

Distance traveled in cm 5ul
Time In hours 2.55cm

Where 2.55cm corresponds to the length of 5pl of liquid In

the SGE syringe.

B5-3o
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For example, if the drive carriage traveled 3.5cm in 60 hours the

calculation would be:

3.5c1 x - 0.114 pl/hr
60 hrs 2.55cm

This is the amount of chemical delivered per hour at a pymp rate

setting of lal/hr with the SGE Spil syringe.

4.0 METHOD

A. St ard I er 2 tnth PVermetion cells =ay be med with

this setbhd.

1. To use a standard 2 inch permeation cell, sandwich

aluminum foil between the challenge and the col'ection side

of the cell. (This creates an impermeable barrier, keeping

I the chemical of interest on the collection side of the cell.)

Positiou the cell so that the collection side of the cell is

facing the syringe pump (See Figure 1). Place the ground

glass stopper in place in the cell.

2. To use a standard 1 inch permeation cell, seal the

challenge and the collection sides of the cell together.

Position the cell so that the challenge side Is facing the

syringe pump. Place the ground glass stopper in place in the

cell.

-31
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FIGURE 1
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3. Set the detection system for standard conditions as per

normal operating procedure. Set the appropriate nitrogen flow

through the permeation cell and to the detection system. Adjust

the baseline to zero. Allow the system to stabilize while

proceeding with steps C.-J.

C. Cut a piece of vitreous silica tubing to a length

convenient to reach from the syringe to the Inside of the

permeation cell. Remove the end cap from the syringe and thread

the tublug ttirug the cup mtd throuh the teflon p•ace. so that

the t~lul V mlt.ly nlne Inch past tle d. of the

syringe side of the cap. (Note if the tubing will not fit

through the teflon spacer, the hole in the spacer can be enlarged

with the reaming tool provided with the syringe.)

D. The syringe can be filled with the chemical of interest

by one of two methods:

1. The syringe can be back-filled by using another syringe

to fill the barrel. A 5-104l syringe with a small diameter

needle slightly longer than the length of the SGE syringe

works well for this. Fill the back-fill syringe with the

chemical of interest; insert the needle in the SGE svringe

and fill the barrel, making sure there are no bubbles in the

liquid.

IB-33
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2. The syringe can be filled by directly placing the tip of the

syringe (without the tubing or the end cap on) iai the

chemical of interest and siphoning the chemical Into the

syringe. A 10 ml size pipette pump works well for this.

Attach the pipette pump to the end of the syringe, place the

syringe In the chemical of Interest and slowly suck the

chemical Into the syringe. When the chemical Is above the

plunger line. carefully detach the pipette pump. The pirette

pump can also be used to eliminate bubbles in the barrel by

pulling a gentle vacuum on the thwoiealanmd ITocilg 'the

bubbles to rise to the surface.

E. Attach the end cap with the vitreous silica tubing to the filled

syringe. Make sure that the syringe end of the tubing Is "square"

and butts up tightly against the metal guide tip. Finger tighten

the end cap as tight as possible. Gently tug on the silica tubing

to make sure the tubing fits tightly.

F. Carefully place the teflon tipped plunger in the syringe, making

sure that no air bubbles are trapped at the tip. The plunger

should fit snugly In the barrel, but one should not have to force

It. A slight bend to the metal portion of the plunger when

pressure Is applied is permissible.

G. Apply pressure to the plunger until the chemical comes

out of the tubing.

B-3H
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H. Lift the knob of the spring loaded syringe holder high

enough to accommodate the syringe barrel. Place the loaded

syringe in the syringe holder, resting the metal stop on the back

of the holder. Lower the knob to hold the syringe In place.

1. Place the drive carriage on the gears, making sure the carriage is

parallel to !he edge of the pump. Advance the drive carriage

by turning the rate selector switch to 9 ml/min. As the carriage

approaches the syringe, check to make sure that the pump actually

dellvers the chemical from the tip of the teedle. As soon as the

chemical can be observed coming from the tip ef the needle, turn

the pump off.

J. Thread the vitreous silica tubing through the fittings in the

specially fitted glass adapter. Position the tip of the tubing in

the center of the ground glass stopper. Tighten the fitting at

the other end of the adapter to hold the tubing io, place.

K. Remove the stopper from the equilibrated permeation cell system

and replace with the adapter. To insure a tight seal, a small

amount of stopcock grease may be placed on the stopper. Hold the

stopper in place by sealing with a small piece of parafila.

13-3r
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L. Set the rate selector to I and switch the mode to ml/hr to begin

pumping the chemical Into the system. A response shculd be

detected within a few minutes. depending on the volatility of

the chemical of Interest. Allow the response to reach a steady

state before concluding the analysis. Remove the adapter and

replace with the ground glass stopper to check the baseline at

the completion of the run.

3.0 CALCULATIONS

The concentration of the chemical of interest delivered to the detector

Is determined by the following formula:

PPM delivered - d x MV x PR
MW x F

Where d Is the density of the chemical of interest

MV is the molar volume (24.450 pl/umole)

PR Is the syringe pump rate (Vl/hr)

MW is the molecular weight of the chemical of interest (mg/mmole)

F Is the nitrogen flow rate (l/hr)

I-3
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The minimum detection limit was subjectively defined as the

concentration corresponding to the response that was twice the

noise level. The noise was determined as the long term

fluctuation from the average baseline. The NDL ts calculated by

the following formula:

VDL in ppm - Dym delivered x 2 x N
R

Where N is the noise in millivolts

Ais *An t z aa 4t chemiMcal of Amterest An alU.ivolta

1lUT: 7biz lqti m lso be med rlth detection system that respond

in units other than milhivolts. The use of different units will

have no effect on the determination as long as the noise and the

response are measured in the same units.

For example, the IOL for toluene would be determined as follows:

ppm delivered - 0.8669 x 24450 x 0.114 - 4.37 ppm
92.15 x 6

If the millivolt response generated by toluene was 2160. and the noise was

32, the MDL would be determined as follows:

NDL in ppm- 4.37 x 2 x 32 -0.229 pp
2160

B-31
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6.0 TROUBLESHOOTING

A. No Response. lower than expected response

1. Check all fittings for leaks

2. Check the syringe for clogs and/or bubbles

3. Nakc sure pump is actually delivering the liquid

4. Check syringe for leaks

a. break off the tip of the silica tubing that fits into

the guide tip of the syringe and rmecurs ftem .

b. Check tip of plunger, resize if necessary. The teflon -

tip can be resized by heating It to 350 degrees, causing

the teflon to expand. (If the plunger does not fit

tight enough, liquid will escape around the tip of the

plunger.)

c. Replace the teflon spacer inside the end cap of the

syringe.

B. Excessive noise. Pulsing of response

1 1. Check all fittings for leaks

2. Check placement of needle in adapter (Generally. the

closer the tubing Is to the nitrogen flow. the greater the

I pulsing response).

3. Check syringe for clogs. Clean with cleaning wire.

B-3b
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7.0 NOTES

A. The Importance of tightly fitting tubing and ferrules cannot be

over emphasized.

B. The syringe should be treated with great care at all times, as It

Is very easy to apply too much pressure to the plunger and split

the barrel. Do not force the plunger. If the plunger requires

force to Inject the chemical check the barrel and guide tip for

clogs nd u rlen with m t1mming wit, befoei pmce.4itng.

C. The syringe should be cleaned with acetone and dried between uses.

It should be flushed several times with the chemical of Interest

when loading.

D. Various sized vitreous silica tubing can be used. Tubing with

Inside diameters of .025 and .050 ma have also been used with

success. The 0.075 mm sized tubing does provide the tightest fit

and most durability.

E. Filtering the chemical of interest to remove particulates Is not

usually necessary when using a good quality reagent.

B- 3c
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F. To achieve very low concentrations of the chemical of Interest,

dilute with a volatile solvent that is not detected by the method

of analysis. For example. for systems using electron capture

detectors. 2,2,4-triaethylpentane or other appropriate alkanea

would be useful as a dilution solvent. This technique Is also

useful for introducing less volatile and highly viscous compounds

into the system. The highly volatile solvents act In vaporizing

the chemicals that tend to remain at the tip of the needle In the

neat, liquid state.

8- Known concentratAons of a standard toluene gas were Jntoduced

Into the system to provide a means for comparing MDLs run at

different times. With this method, It is only necessary to make

one NDL estimation. By using the ratio between the responses of

the standard gas at the time of the MDL determination and at the

time of the actual permeation testing, the response value of the

chemical of interest can be adjusted for any differences In the

sensitivity of the instrument. This not only provides a means for

correlation of results, It acts as a check on the reliability of

the system.
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I.U INTRODUCTIUN

¢his repor-t outlines the methods and results of the work
done on the permeation testing of flat samples of Challenge 5100
for the U.S. Loast Guard. The •irst task of permeation testing
with the 115 CHRIS chemicals was completed October 15, 1986.

L.0 MEIHODS

The majority of the chemicals were tested using a
continuous photoionization detection technique. The standard
permeation cells and Teflon gaskets were baked in a vacuum oven
at 100C prior to each run to prevent off-gassing of contaminants.
lnstrument-grade nitrogen was used to sweep the collection side
of each cell at a rate of 100 cc/min. A portion of the composite
flow from three cells was routed to an HNU photoionization
etectior weoel PI--a-O2 -outfitted wi4h apitlwr & 10.2 or 33.7 *V

lamp. After a steady baseline was recorded, the challenge
chemical was added and the timing of the test began. Three calls
were mo-nitored concurrently for threehours or &mtil permtimn
reached steady state. If breakthrough did occur, one individual
call was rerun.

After each run a response reading was taken for a 1.0 ppm
standard toluene mixture. This enabled the monitoring of the
sensitivity of the detector daily and allowed repeat runs to be
performed under the same conditions by altering the lamp
intensity.

Minimum detection limits (MDL's) were determined using a
syringe pump. The syringe pump was used to deliver the chemical
of interest directly into the permeation cell at a rate of .1257
ul/hour. This slow rate of introduction into the stream of N2
delivered a steady low level concentration of the chemical to the
detector. This concentration was calculated as follows:

ppm = ul/ 1 N2

= densitv(ma/mn) x 24,450 (ul/mmole) x .1257 (ul/hour)
molecular *.,eight (mg/mmole) x N2 rate (1/hour)

the response generated by this calculated concentration was
then used to determine the MDL. The MDL was defined as the
concentration which would give a response of twice the noise
level. The noise level was determined as the long term peak to
peak dpviation from the average baseline.

The syringe pump response was also used to calculate steady
state concentrations and permeation rates for those chemicals
where breakthrough was observed. Breakthrough was observed for
methylene chloride, trichloroethylene, and vinyl acetate before

I C-3
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the development of the syringe pump method for determining MDL'S.
Permeation rates were determined for methylene chloride and
trichloroethylene by trapping on adsorbent charcoal and analyzing
by gas chromatography. The NIOSH method for determination of
vinyl acetate called for trapping on Chromosorb 107 with thermal
desorption. As an alternative, 500 ul samples were taken directly
from the carrier gas exit stream and analyzed by GC with a 10:1
split to column. A standard was prepared in carbon disulfide and
analyzed using a 1 ul injection.

Xylenol and naphthalene were tested by placing a few
crystals in the challenge side of the permeation cell allowing
the cell to become saturated with their vapors. MDL's were
determined using the analogous cresol for xylenol and benzene for
naphthalene.

Included in the 117 chemical CHRIS lis. were the mixtures
asoli , tuY il , Vapit1a- aiv tr¶@ MotW. T'he Vesti• ices

included on the CHRIS list were not tested in their pure state,
bbut as "5-50% sv.usticns jrtapetrole.am distillates. MDL's for the
inixtures am. caic 3eted 41i1 tthe smallest molerular &igt xf
the components in the solution tested. This gave the largest MDL

possible for the varying concentratijni.

Nine chemicals were tested for breakthrough using ion
chromatography as the method for analysis. The challenge side of
the permeation cell was filled with the test chemical and theIl collection side was filled with deionized water. Samples were
taken at 15 minute intervals for a total test time of three
hours. Prior to sampling, 0.5 ml of deionized water was added to
the collection cell. The syringe was flushed with the collection
media 3-4 times to allow mixing before a 0.5 ml sample was taken.
Standards and samples were analyzed on a Dionex 2000 ion
chromatograph equipped with a ASA-' column. MDL's were determined
by diluting the standard to the lowest detectable level. A blank
cell was run to determine background levels.

Sodium hydroxide and sodium hydrosulfide solutions were
tested for breakthrough using atomic absorption of sodium as the
method of analysis. The same sdmpling method as above was
employed to take 1.0 ml samples. Certified atomic absorption
standards from sodium chloride and the samples were anrlyzed on a
Microtek Unicam SP-90 atomic absorption spectrophotometer. MDL's
were determined by diluting the standard to the lowest detectable
level. A blank cell was run to determine background levels.

A 30% solution of hydrogen peroxide was tested for
breakthrough using a colorimetric method of analysis. One ml
samples were taken as above. To each sample, standArd and blank,
0.2 ml of 10mM ferrous ammonium sulfate and 0.1 ml of 2.5M
potassium thiocyanate was added. The red colored reaction was
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observed and the absorbance at 48Onm was read on a Gilford 300
microsample spectrophotometer. Ihe MDL was determined by diluting
the standard to the lowest detectable level.

IAcetonitrile, adiponitrile, and ethylene cyanohydrin were
not detected by the photoionization detector. They were tested
for breakthrough by trapping the collection gas on adsorbent
charcoal for 15 minutes at a flow rate of 200 cc/min over three
hours. The last sample was trapped'for fifty minutes to assure
breakthrough did not occur. The charcoal was desorbed in benzene
and analyzed by gas chromatography. The MDL's were determined by
diluting the standards to the lowest detectable level.

3.0 RESULTS

ihe results of the completed test are included in the
e quisite t.rmeat &lu'Q witt Vhbatcapites of e&tCUel '1t'meiv

copies. The following table summarizes the results for those
chemicals which were tested with continuous h"oi•tJ ."zatar
detection and vw breaktthrough ws observed.

I

I

I-
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Challenge Chemical Loop (W ppm/mV ion. ppo/mV Chemical NDL(ppa)

11,2M,2-bttrachloroethane 11.70 .089 .083 .23
1,2-DIbromoethtne 11.70 .094 .039 .10
1,2-Dichloroethan 11.70 .061 .057 .09
1,2-Dichloroethylether 11.70 .099 .091 .15
1,2-Dichloropropane 11.70 .085 .097 .31
1,3-Dichloropropene 11.70 .092 .069 .17
1,4-Dioxane 11.70 .094 .117 .38
2-Nitropropane 11.70 .060 .248 .59
Acetaldehyde 11.70 .02 NA NA
Acetic acid 11.70 .065 7.790 35.46
Acetic Anhydride 11.70 .085 .179 .57
Acetone 11.70 .098 .414 1.16
Acetone Cyanohydrin 10.20 .001 .043 2.74
Acetyl Chloride 10.20 .001 35.460 35.46
krylic Acid 11.70 .Ma9 .325 .96
allyl wnftl IIUD.8 .n 1.13

Aniline 11.70 .049 .164 .46
mme1 JLU .A4 .3 .85

ftuyl afrie 11.30 . .01 .11
rkoine 11.70 .039 .331 .53

4.tyl Acetate 11.70 .089 .106 .25

butyl Acrylate 11.70 .089 .099 .22
Butylasine 11.70 .099 .096 .32
butyraldehyde 10.20 .001 .002 .29

Carbon Tetrachloride 11.70 .059 .114 .29
Chlordane 10.20 .001 .036 .26
Chlorobenzene 11.70 .095 .05 .20
Chloroform 11.70 .049 .102 .19
Chloropicrin 10.20 .001 .064 1.80
Creosote 10.20 .001 .030 .32
Cresol 11.70 .035 .019 .03
Crotonaldehyde 11.70 .089 .193 .62

Cuaene Hydroperoxide 11.70 .092 .502 1.20
Cyclohexane 11.70 .092 .077 .25

Diethanolosine 11.70 .092 NA NA
Iiisopropyloaine 11.70 .090 .109 .39
Dimethyl Sulfate 10.20 .001 .038 1.52
Dipropylimine 11.70 .0O9 .137 .22
Epichlorohydrin 11.70 .089 .234 .75
Ethion 4 10.20 .001 .001 .03
Ethyl Acetate 11.70 .106 .205 .49
Ethyl Acrylate 11.70 .094 .307 1.72

Ethyl Alcohol 11.70 .096 .995 2.96
Ethyl benzene 11.70 .099 .075 .14
Ethyl Ether 10.20 .001 .001 .13
Ethylasine 701 11.70 .091 .206 .74
Ethylene Elycol 11.70 .065 .469 2.63
Ethylenedissine 11.70 .080 .M70 2.78
Foruldehyde 371 11.76 .094 m NA

Furfural 10.20 .001 .001 .09



86176:KLV
page 5

Challenge Chemical Lamp #eV) ppmlmV loluene ppm/mV Chemical IDL(ppm)

asolinle 10.20 .001 .007 .16
6lutarildehyde 10.20 .001 .013 .43
Wexane 11.70 .094 .099 .25
Hydrazine hydrate 10.20 .001 .023 .09
Isopropyl Alcohol 11.70 .090 .241 1.16
Isopropylasine 11.70 .094 .327 1.57
"falathion (501) 10.20 .001 .129 1.03
Nlethy| Acrylate 10.20 .001 .151 .48

flethyl Alcohol 11.70 .095 .519 4.07
Methyl Ethyl Ketone 11.70 .091 .311 .65
kethyl Isobutyl Ketone 11.70 .104 1.212 3.96
Methyl flethacrylate 11.70 .090 .117 .19
Nethyl Parathion (44.0%) 10.20 .001 .002 .03
1-butylalcohol 11.70 .099 .147 .32
n-Propyl Alcohol 10.20 .001 .012 .76
0 1" lamr 11.70 M73 .1XT .74
Waled 10.20 .001 MA MA
Iaphtha 10.0 001 4.5
Imptittalrem 10.0 .001 .101 a
Nitrobenzene 11.70 .033 .051 .09
9-oldidin 11.70 .4"% .115 .43
Parathion (45.07%) 10.20 .001 .002 .01
PCUS 10.20 .001 .001 .02
Phenol 11.70 .034 .020 .03
Propionic Acid 10.20 .001 .024 .31
Styrene 11.70 .025 .020 .05
Tetrachloroethylene 11.70 .062 .033 .11
Toluene 11.70 .024 .026 .06
tolylene 2,4-diisocyanate 11.70 .046 .206 .69
trichloroethane 11.70 .009 .167 .60
Turpentine 10.20 .001 .0005 .03

Vinylident Chloride 10.20 .00l .00)3 .49
rclylene 11.70 .109 .071 .13

lylonol t0.20 .001 .O0l .01

MDL's were not determined for acetaldehyde, formaldehyde,
diethanolamine, and naled. Acetaldayhde has a boiling point of
RIC and therefore was too volatile to place in the syringe. The

formaldehyde solution was 63% water which had a quenching effect
on the detector. Diethanolamine and haled were too viscous to
load into the syringe.

Breakthrough was observed for eight chemicals. The following
table gives the seven chemicals that broke through, their
appropriate breakthrough times, steady state permeation rates,
and MDL's.

I
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I Chemical Noise N)L BT tie# SS rate
(9y) (ppm) (min) (uglhr*co2)

*IiaSII~t**5544*eaaiflio~ sII~o etoo *oooooooooooooe~ooe oo*~e

Acrolein (Composite) 4 .12 44.0 2.37
Acroltin (Run 1) 2 .06 36.0 1.61
Acrylonitrile My" 1) .80 .46 54.0 5.12Acrylonitrill (Run ]1) .90 .18 76.0 .06

Allyl Chlorite (Composite) .60 .!6 102.0 .67
Allyl Chloride (Run I) .80 .16 165.6 .60
Carbon Disulfide (composite) .80 .10 21.6 2.76
Carbon Disulfide (Run 1) .40 .05 20.5 3.65
Carbon Disulfide (RunIl) .40 .05 17.7 2.59
Nethylent Chloride (Runl) 1.60 .27 46.8 1.37

"q W O Ibk rth 4i11O , AS .11 .9.4 A
Nethylene Chloride (Runlll) 1.00 .17 55.2 1.27
harJi•nu/It 1m iu&J A.& A 137.0 U43
"1ra1aum Nid 4ba II VAG 1.61 rM.0 MR9
Trichloroethylew (Run I) .96 .07 143.0 2.04
Trichloraethyle" tlun 11) 1.40 .10 L5u.0 2.04
Trichloroethylene (Run 111) 1.28 .09 146.0 1.63
Vinyl Acetate (Composite) 1.00 .21 74.0 3.30
Vinyl Acetate (Run 1) 1.0 .21 137.0 3.73

No breakthrough was observed for the chemicals tested using
methodr other than continuous photoionization detection. The
lollowing table gives the results.

. CHENICAL. NETHOD STANDARD RET. TINE NDL

S. CrLOROSULFONIC ACID ION CHROMTD6RAPHY 5 ppa SOMONCI 2.09 sin 0.5 pps
NITRIC ACID ION CHRONATO6RAPHY 10 pp. nitrate 4.16 @in 0.2 pp.
OLEUW ION CHRO7ATO6RAPHY 10 ppe sulfate B.35 @in 0.2 pp.
PHOSPHORIC ACID ION CHRONA706RAPHY 10 ppe phosphate 6.69 @in 0.5 ppe
PHOSPHOROUS OIYCHLDRIDE ION CHRONATD6RAFHY 5 pp. POC13 2.04 sin 0.5 pp.
PHOSPHOROUS TRICHLORIDE ION CHRONATORAPHY 5 ppe PC13 2.11 sin 0.5 ppa
SILICON TETRACHLOPIDE ION CURO(ATO6RAPHY 5 ppe SiClI4 2.05 sin 0.5 ppe
SMlFUR NONOCHLORIDE ION CHRORATOSRAPHY 5 pp. SK12 2.07 sin 0.5 pp.
ULFURIC ACID ION CHRONATO6RAPHY 10 pp. sulfate 1.59 sin 0.2 pp.
SODIUN HYDROXIDE SOLN 501 ATOHIC ADSORPTION 0.5-4.0 ppm NA 0.5 pp.
SODIUR HYDROSULFIDE SOLk 101 ATONIC ADSORPTION 0.5-4.0 ppe NA 0.5 pp.
ACETONITRILE SAS CHRONATO•RAPHY 15.6 ppA .62 siln 0.6 pps
ADIPONITRILE GAS C RONATOBRAPHY 7.2 pp. 1.1 sin 0.3 pp.
ETHYLENE CYANONYDRIN BAS CHROBAOSRAPHY 11.9 ppe 2.68 sin 0.4 ppe
HYDRO6EN PEROXIDE 301 LORINETRIC 0.6-6.0 ppe NA 0.6 ppe
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4.0 PLANS

Included in this report are tPe results from testing 97
different chemicals. Motor fuel antiknock compounds, tetraethyl1 lead, and tetramethyl lead were not available from the
distributor at this time. It may be possible to acquire a small
samplw of tetramethyl lead within a few weeks and the chemical
will be tested at that time. The pesticide,
tetraethylpyrophosphate, is no longer manufictured and therefore
was not tested. Hydrofluoric acid required fixturing to prevent

the etching of glassware. Hydrogen fluoriOe, hydrogen cyanide,
and methyl chloride are gaseous compounds and will be included in
a separate task order covering gaseous chemicals.

I The chemicals that broke through and show differences in
breakthrough times and permeation rates between the composite and
individual runs will be repeated. It is also planned to do

1rmeati• test ir o¶• tei Ui'ffrevt seut aws, son - time •lit

of mixtures is received. The testing of the seaimed samples and
veDor- aliplsesw ai continue as schedWa~ld.

I
I .



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 510U
6: LOT OR MANUFACTURER DATE: 4A
.: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.7 ev laMP.
3. TEMPERATURE: 22-25"I.
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: N .
6. OTHER CONDITIONS: 1 Inch cells were used./ Detector Temperature 60C.
7. DEVIAIONS FRM Taw rate to cle l swas 100ccm/in

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 :3

1. CHEN NOWE(s)- % AtMI WAY/A ,4k
2. CAS NUMBER(s): 75-0- U N/A
3. CONC. (If MIX) tN/A _N/A/
4. CHEMICAL SOURCE:Aldrich N/A : NA

Reagent Grade - : N/A
4. TEST RESULTS

1. DATE TESTED: June 3. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after three hours.
4. MIN DETECTABLE LIMIT N/A
5. STEADY STATE PERMEATTN-F N/A,.
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. _ ___
2.3.
4.-
5. : _" _ _ "_ :
6. _ ___

7. : : :
8. : : :
9. ":::

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on June 3. 1986

C -1
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTEtr*'( MATERIAL CUDE: 066
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFIATIUN: Challenge 51UU
6: LOT OR MANUFACTURER DATE. 4II7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one Mie and buff colored on theI other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7.0V lamp.

3 TEPERATURE: 22-256C
T.CLEM TO MEDIUM: N?

5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: I nch cells-were used. Detector eOm erature -6C
7. DEVIATIONS FROM AsmTMN739 MTHOD: Flow rate to cells was 100cc/min.

3.CHALLENGE CHEMICAL I 'COMPOENT 2:3

L' CDMi NAME (s) :Aetic acid /1ANA

3. CONC. (IF MIX) NAN A
4. CHEMICAL 5OURCL:FisherN/

4. TEST RESULTS

1. DATE TESTED: 9-13-86-
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 35.46 p
S. STEADY STATE PERMEATION RATE N/A ______________________
6. SAMPLE THICKNESS: 181-20 mi1
7. SELECTED DATA POITSN/

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION

4.
5. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6. __ _ _ _ __ _ _ _ _ _ _ __ _ _ __ _ _ _ _ _ _

9.

8. OHROBSERVATIONS:______________________ _______

5.SOURCE OF DATAI Samples were run byDenise McDonald on September 13. 1986

C 1-
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated NomexI2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperf-ectro-ns
4: MANUFACTtRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challen-ge 510
6: LOT OR MANUFACTURER DATE: NOA
7: NOMINAL THICKNESS: 15-20 1111
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHODI 1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuou-s Dh't-olonization detection with a 11.7 el lamp.
3. TEMPERATURE: 22-25T -
4. COLLECTIO)N MEDIUM: N7
5. COLLECTION SYSTEM: Nq
6. OTHER CONDITIONS: Inch cells were use~ Detecctor Tmerature 60c
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL I : COMPONENT 2 :3

1. CHME HAME(s) : Acetic AviAdrid /a lfN/A
2. CAS WUMBER(s): INr-Z4-7 I /A/A
3. WK.C 41F XIX) MI N] NA
4. CHEMICAL SOURCE: Mal 11nckRodt -reagent: 4NA

4. TEST RESULTS gra(e / /

1. DATE TESTED: June 28, 1986
2. NUMBER OF SAMPLE= ESTED: Three___________
3. BREAKTHROUGH TIME: No bre-aItFr-ough was observed after 3 l~ours.
4. MIN DETECTABLE LIMIT-3 ptx
5. STEADY STATE PERMEATDW EN/
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POITSN/

TIME COtNCENXTRAT ION : CONCENTRATION : CONCENTRATION
1.- _ _ _ _ _ _ _ _ _ _ _

8. OTE OBSERVATIONS: ___________________________

5.SOURCE OF DATAI Samples were run by Sylvia Cooper on June 28. 1986.

I-
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nonex
2: PROTECTIVE MATERIAL CODE: 0683: CONDITION BEFORE TEST: Unusea, no visible imperfections
4: MANUFACTURER: Chemfab corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil8: DESCRIPTION: Material was orange colored on one side and buff colored on theother side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute 9U63 Bee Caves Road, Austin, TX2. ANALYTICAL METHOD: Contoonzaton detectlo with a 11.70 eV lap.3. TEMPERATURE: 22-25%a4. COLLECTION MEDIUM: N._ 
___..5. COLLECTION SYSTEM: N _ ___ _._.__6. OTHER CONDITIONS: ich cellTs were used. /Detector Tem.peratue -- 6uC7. DEVIATIONS FROM ASTM F/9 TH:Flow rate to cells was 1"0cc 1mm.

3. CH1ALLENGE CHEMICAL 1 : tO?4POfENT 2 3
1. CHEM NAME(s) : Acetone N2. CAS NUMBER(s): 67-o4-1 N/A : N/A3. CONC. (IF MIX) N/A : N/A : N/A4. .CfOlCAL SOURCE: Centex Technical N/A : N/A

4. TEST RESULTS graae N/A N/A

1. DATE TESTED: ay 29, 19862. NUMBER OF SAMPLES TESTED: TFree3. BREAKTHROUGH TIME: No Breakthrouqh was ocservea after -3 fours.4. MIN DETECTABLE LIMI .1i pp -in5. STEADY STATE PERMEATWH RATE N/A-6. SAMPLE THICKNESS: 18-20 mil.
7. SELECTED DATA POINS N/A

TIME : CONCENTRATION : CONCENTRATION • CONCENTRATION1. .

5.
6. _ _ _ _ _ _ _

7. -_ --- - __ __8. ----- __ _ _ _ __ _ __ _ ___:_ _

9. "-- --'-"_"_:_:
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sa.imles were run by Sylvia Cooper on Ma 29, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
"2: PROTECTIVE MATERIAL CODE: 066
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DAT.E: N/A
7: NOMINAL THICKNESS: 15-20 rmil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the-

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous piotoionization detection with a Id.Z eV lamp.
3. TEMPERATURE: 22-25T4. COLLECTION MEDIUM: N?",

5. COLLECTION SYSTEM: N?
%. OTHER CONDITIONS: I inch cells were used./ Detector Temperature a I00C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100cc/min.

3. tCHLENG tM1ItAL 1 tDMVMMNT 2

1. CHEM NAME(S) : Acetone Cyanohydrin : N/A : N/A
2. CAS NUMBER (s): 75-86-5/A
3. CONC. (IF MIX) N/A N/A IN/A
4. CHEMICAL SOURIE:Aldrich : A N-

4. TEST RESULTS

1. DATE TESTED: September 22, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT Z.74 pDpm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. .

2. _ _ _

3. : : :
4. : :_:
5. OF:AT
6.uns n o7.: :
8.:::
9.:::

8. OTHER OBSERVATILONS:

5. SOURCE OF DATA
Samples were run br :enise McDonald on September Z22 1986.

C-j B
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068__
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20-mlU'"
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Gas Chromatography
3. TEMPERATURE: Armbient
4. COLLECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: Charcoal
6. OTHER CONDITIONS: One inch cells were used.
7. DEVIATIONS FROM ASTM F739 METHOD:

3. CHALLENUE CIILPSCAL I CO M4MOENT 2 .3

1. CHEM NAME(s) : Acetonirile N/A N/A
2. 'CAS NWUMER(s): '2206-26- : N/A
3. CONC. (IF MIX) NIA " N N/A
4. CHEMICAL SOURCE:Fisher-Pesticide : N/A N/A

4. TEST RESULTS Grade N/A N/A

1. DATE TESTED: October 9. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.6 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS Cells 1.2 and 3 at end of three hour test.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours :(0.6 ppm < 0.6 ppm <0.6 ppm
2.
3.
4. _____5.

6. :_:_:
7.
8.

10. _ _ _ _ _ _ _ _ _

8. OTHER OBSERVATIONS: 3 hour samples were collected for 50 minutes for a total
volume of 10 liters.

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 9. 1986.

C-2o
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25*C(
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: I inch cells were use • Detector Temperature -lOOC•
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. tWNLtNM cMEjqIvM. 1 CU tENT 2 3

1. OIEl NAME(s) : Acetyl Chloride N/A N/A2. C;AS %ML•R (s): 75-36-5 " ( /A

3. CONC. (IF MIX) N/A N/A : N/A
4. GCE&ICAL SOURCE:Aldrich reagent :. N/A N/A

grade : /A: N/A
4. TEST RESULTS

1. DATE TESTED: August 13, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.1 hours
4. MIN DETECTABLE LIMIT 

6Sb.46

5. STEADY STATE PERMEATTON RAE NJA
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

2..

3. : : _4. :__ _ _ _ :__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

5.
6. : :__
7. _ _ :
8. _" _ :_ _ _____
9. :
10. :___:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on August 13, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL WDE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: MIA
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST IETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoloýization detection with a 10.z0 eV lamp
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temrnerature a lOOC.
7. DEVIATIONS FROM ASTM F739 .IoRwHO.-F]- rate to cels was 100 ccmimn.

3 It1IE1U t¶4Et"IM. 1 % tU lNENT 2 3

1. CHM NAME(s) : NAcrolei (N/Aosite.D . /A /A
2. ,CAS NUMBER(s): 107-02-8 /A :/A
3. CONC. (IF MIX)
4. *HCMICAL SOURCE:Kodk r• ,ent --- - -- :-N-A

grade : N/A :-NA
4. TEST RESULTS

1. DATE TESTED: October 6. 1986
2. NUMBER OF SAMPLES TE5TEt: Three
3. BREAKTHROUGH TIME: 44 minutes
4. MIN DETECTABLE LIMI .12p. .
5. STEADY STATE PERMEATION RATE 2.37 ug/cni*hour
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : : :2.:::

3.4.

6.

7. : _

10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run b§ Denise McDonald on October 6. 1986

C ?L4
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 058
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab r.-or *
5: PRODUCT IDENTIFICATION: Challenga 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20"iln
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING. LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 1d.70 eV lamp
3. ..TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N~
5. COLLECTION SYSTEM: N..
6. OTHER CONDITIONS: 1 inch cells were used. /etector Temperature - 100C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells were 100 cc/mln.

.3. DALEWG[ 0"4ICAL : COWENT 2 3

1. CHEM NAME(s) : Acrolein (Run 1) : AA A
2. CAS WJIBER(s): '07-02-3 :
3. CONC. (IF MIX) /A/
4. CHEMICAL SOURCE:Kodak reagent N4-- l- __________ now-

4 . T E ST R E SU LT S ....

1. DATE TESTED: October 8. 1986
2. NUMBER OF SAMPLES TESTED: One
3. BREAKTHROUGH TIME: 38 minutes
4. MIN DETECTABLE LIMIT .06 pm
5. STEADY STATE PERMEAT E 1.61 ug/Eg *hour
6. SAMPLE THICKNESS: 19-20 .1l
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION CONCENTRATION CONCENTRATION

3. ,

5.

10. :
8. OTHER OBSERVP IONS: .

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 8. 1986.
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CIEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION &ZrO1D

1. ESCRIPTION OF PRODUCT EVALUATED

J1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION IEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIICATION: Ch4ilne 5100 ....
6: LOT OR MANUFACTURER DAT: N/A.
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas _Reearch Institute, 9063.Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: N-)
5. COLLECTION SYSTEM: N2
6. OTlHER CX=DZONZ. .1 Inch cA.li was used./Detector Temperature - IOOC.
7. EV'IA4 I0' M Th A. w T9 T. to cell vas 100 cctmiu.

3. ALIEN CHN"CAL 1 • 2 :3

1. CHEM NAME(s) : Acrolein : N/A : N/A
2. CAS UL'MBER(s): 107-02-8 : N/A . N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Kodak : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-22-87
2. N•MBER OF SAMPLES TESTED: One (Run II)
3. BREAKIHROUGH TIME: 45 minutes
4. MIN DETECTABLE LIMIT .17 ppm

* 5. STEADY STATE PERMEATION RATE 2.82 (ug/cuW*hr)
6. SAMPLE THICKNESS: 19-20 ails
"7. SELECTED DATA POINTS N/A

TIML CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. : *

3. :
4.
5. : :
6. :
7. :;: | m

9.:::

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 22, 1987

UC -2s2
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTLUER: Chemfab Corp.
5: .PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 ail
8: DESCRITION: Material was orange colored on one side and buff colored on the

otcher side.

2. TEE-ST .%!THOD

. EST.G IABOR.TORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
Z. LNAL*!T1CAL METHOD: Continuous ohotoionization detection with a 10.20 eV lamp.
3. TEMPERATL"RE: 22-25-C
4. COLL-'CTION MEDIUM: N.
5. COLLECTION SYSTEM: Nz
6. OTHER CONDITIONS: 1 inch cell was used./ Detector Temperature - 100C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cell was 100 cc/min.

3. -. .. __.•!NC_,.. .v m n, L 2 :

i1. ,iEM ."2--s) : Acrolei- N J/.A . N/A
Z A. CS :."!13E.(s): 107-02-8 N/A : N/A

M. C.C. .7 IX) N/A N/A N/A4! . HE'" SOURCE:Kodak :N/A N/A

4. TZS R5LSUUS

1. DATE TESTED: 3-6-A7
2. NLMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .43 ppm
5. STEADY STATE- PERMEATION RATE N/A
6. SAMPLE THICLNESS" 19-20 mils

S7. SELECTED DATA POINTS N/A

TI. : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.-:::

2.
3.

5.
6.
7.

8.
9.
10.

8. OTHER OBSERVATIONS:

I I 5. SOURCE OF DATA
Saiople was run by Denise McDonald on March 6, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DSCRIPTION OF FRODUCT EVALUATED

I - 1: TYPE: Teflon laminated Nomex .,
2: PROTECTIVE MATERIAL CODE: 068
3 : CONDITION BEFORE TEST: Unused, no visib.ii imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 51006: LOT OR MWUFACTURER DATE: N/A
7: NOMINAL TRZCKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST MTHOD

1. TESTIN;G I1.hORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
:. ANALYA":CAL• METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEXPERAkURE: 22-259TC.
4. COLLEkT.ON .,'tEDIUM,: N..
5. COLLECTION SYSTrI: N?
6. OTHER CONDITIONS: 1 inch cell was used./ Detector Temnerature - OOC.
7. DEVIATIONS FROM ASIh1 F739 METHOD: Flow rate to cell was 100 cc/min.

3. ý=N =M-CAL IOTRI 2 3

. E! :(.s Acrole".4 N/A : N/A
Z. CAS 1R(s): 107-02-8 "NI/A: N/A
3. CONC...: -lx) N/A :/A N/A
.4. CHFLMICAL SOLRCE:Aldrich - N/A X _/A

4. TEST RESULTS

1. DATE TESTED: 3-7-87
2. NUMBER OF SAMPLES TESTED: One (Run IV)
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .46 ppm
5. STEADY STAiE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mile
7. SELECTED DATA POINTS N/A

- TIE : CONCENTRATION : CONCENTRATION • CONCENTRATION
1. -- :.

2. .
3.
4.
5. .

6. :
7.
8. : :
9. :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on March 7, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATIO% RECORD

i.DESCRIPTION OF PROUUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATIUN: Challenge brOU'
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin, TX
2. %ANALYTICAL METHOD: Continuous photoionization detection with a 1f.70 eV lamp.
3. TEMPERATURE: 22-250C
4. COLLECTION MEDIUM: N'
5. COLLECTION SYSTDI: N?
6. OTHER CONDITIONS: 2 inch cells were used. /Detector Tewmperaturp'* bOC.
,. DEVIATIONS FROM ASM F739 METHUO: Flow rate to cells was 100 cc/min.. _ _"

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 3

1. !CHEM NAME(s) : Acrylic Acid /A N/A
2. CAS NUMBER(s): 79-10-7 : 1NA . t/A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:Aldrich reagent : N/A N/A

grade : N/A N/A
4. TEST RESULTS

1. DATE TESTED: May 28, 1986
2. NUMBER OF SAMPLES TLSTLD: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after three hours.
4. MIN DETECTABLE LIMIT 0.86 pPm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-20 mil.
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. _ : :
2. _ : :
3. : : :
4. : : _
5.
6. : ' _- - _: '
7. -
8.
9.
10. :_:_ :

8. OTHER OBSERVATIONS:

S. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 28. 1986.

C3"



fZ- 

-7.

A.5

1 -:.- 7 . 7 %

o 00. a k-- -~ * ~ -

C-35



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE. Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: U68
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: C allenge 5100
6: LOT OR MANUFACTURER DATE: N:A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange coloreo on one Side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: *.ontinuous photoionization detection with a 11./U eV Iamp.
3. TEMPERATURE: 22-25-C
4. COLLECTION MEDIUM: N'
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: z inch cells were used. /Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min

3. CIHALLENG CiH.E•ICAL 1 : COI"(•IT 2 3

.I. CHEM NAME(s) : Acrylonitrile (Runl): N/A _ N/A
2. CAS NUMBER(s): 1u-13-1 N/A N/A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE.Aldrich -1-/A: N/A

4. TEST RESULTS reayent yrage : N/A N/A

1. DATE TESTED: May 29, 1986
2. NUMBER OF SAMPLES TESTED: Une (Run IT
3. BREAKTHROUGH TIME: 54 min
4. MIN DETECTABLE LIMIT O.46 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
2.

3.
4. : : :
5. : _ -
6. : : :
7. :__ :
8. : : -
9. :_: :
10.- :_:_:

8. OTHER OBSERVATIOINS:

5. SOURCE OF DATA
S1 1 pe was run by Sylvia Cooper in May 29 1986,

C-31
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTETILVE MATEIXAL WOE: UOb
3: CONDITION BEFORE TEST: Unused, no visible 1miierfect1ons
4: MANUFACTURER: Chemfab CorD.
5: PRODUCT IDENTIFICATION: -Tallenge 5100
6: LOT OR MANUFACTURER DATE: N/A7:NOMINAL THICKNESS: 15-20 Mill
: DESCRIPTION: materal was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING- LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
"3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: Nq
6. OTHER CONDITIONS: I inch cells were used./ Detector Temperature a60C
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100cc/min.

3. CHALLENGE CHEMICAL 1 : IEWT2

1. CHEM ?4AME(s) : Acrylonitrile(RutnI): II) A : /A
2. CAS NUMBER(s): 107-13-1 :/A- N
3. CONC. (IF MIX) NA_ _N/A 4A
4. CHEMICAL SOURCE:Aldrich :W/

•. TEST RESULTS

1. DATE TESTED: September 03. 1986
2. NUMBER OF SAMPLES TESTED: One
3. BREAKTHROUGH TIME. 76 minutes
4. MIN DETECTABLE LIMIT .18 ppm
5. STEADY STATE PERMEATION RATE 0.86 ug/cm' x hour.
6. SAMPLE THICKNESS: 18-19
7. SELECTED DATA POINTS N/A

TI PE CONCENTRATION CONCEENTRATION : CONCENTRATION
1.

3. : __ _ __ __ _ _ --
4. -
5.

9.

10. : . ..

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor or September 03. 1986.

C-3ý
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j CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROT IVE MATERIAL CODE: 06
3: CONDIION BFORE TEST: o Unused, no visible Imperfections
4: MANUFACTURER: Chenfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNTESS: 15-20 mil
8: DESCRIPTION: Mmterial was orange colored on one side and buff colored on the

other side.

2. TEST METHCD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEWPERATURE: 22-254C
4. COLLECTION MEDIUM: N7
5. COIJCTION SYSEM: N_
6. 0=1nE Mvry IN~tros 1 Inch tvll was umod. /Detect or 'Temperature -60C.
7. DEVIATIONS FROM AS7 F739 METHOD: Flow rate to cell was 100 cc/=in.

3., C• ,LENr Ch tIlCAL 1 : CIM 1 : 3

1. CHEM N-AME(s) lAelrtrile : N/A : N/A
2. CAS N.LMBER(s): 107-13-1 : N/A N/A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-11-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. B.EAKIHROUGH TIME: 45 minutes
4. MIN DETECTABLE LIMIT .05 ppm
S 5. STEADY STATE PERMEATION RATE .74 (ug/cm2*hr)

S 6. SAMPLE THICIKESS: 19-20 aols
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : COF•ENTRATION : CONCENTRATION
1.
2. :_:_ :
3.4. __ _ _ _ _ _ _:__ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _

5. : __:6.

7. : :
8.:::

9.
10. : :

8. OTHER OBSERVATIONS:

~ "5. SOURCE OF DATA
Sample was run by Denise McDonald on February 11, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPT:ON OF PRODUCT EVALUATED

1: TYPE: Teflion laminated Nomex
2: PROTiEC.IVE -MATERIAL CODE: 068
3: CONDITION BEFORE TEST: _Unused, no visible imperfections
4: MANLTACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNdESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TZST MET:*CD

1*. =-:- :;G LA3OR1kTORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANAL.TrICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25*C
4. COLL-CTION MEDIUM: N7
5. COLLIECTION SYSTEM: Ni
6. OTHER Q'CND.IIONS. I1 inch ce.1. was used. g'Datector Tam~erature - 6O.C.

. .O-m AST4 ?39 .''TV4. :. Flow Tate to cell was 100 cc/mmn.

3. CiAIN= !--ICAL ~ i C~ZM 2-C 2 3

1..,E.-xs) : Acrylonitrile N•A N/A
.. CAS !:LM.ER%(s): 107-13-1 : N/A WN/A
3. CONC. (IF MIX) N/A_:. N/A N/A -

4. CHEMI:C.AL SOLRCE:Aldrich : N/A N/A

4. TEST RESU'TS

1. DATZ JESTED: 3-9-87
2. NUMBER OF SAMPLES TESTED: One (Run IV)
3. B•REAI:ROUGH TIME: 97 minutes
4. MIN DE:ECTABLE LIMIT .08 ppm
5. STEADY STATE PERMEATION RATE .89 (ug/cm2*hr)
6. SAMPLE THICINESS: 19-20 mils
7. SELEC:AEDDATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3.
4.
5.:::
6.
7.
8.
9.:

10.
8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denis- McDonald on March 9, 1987.
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ChiEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECOFD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenoe 5100
6: LOT OR MANUFACTURER DATE:- _N/A. ,
7: NOMINAL THICKNESS: 15-26 ri I'
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Gas Chromatography,
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: Charcoal
. DTHER CONDITIOLS-: "ne inch cells were used.

"1. .IX'1T1OY% FROIM AST?' 'F39 ?ETHOD': .......

3,. tM..•MAI " DM 1,, ,L : COMPONENT 2 .3

1. CHEM NAME(s) : Adiponitrile : N/A A
2. CAS NUMBER(s): 111-69-3 /A/A : .A
3. CONC. (IF MIX) N/A N/ /A
4. CHEMICAL SOURCE:Aldrich reagent N/A N/A

grade: N/A N/A
4. TEST RESULTS

1. DATE TESTED: October 8. 1966
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.3 mpm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS Cells 1.2 and-3 at end of three hour test.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours , (0.3 ppm : (0.3 ppm : <0,3 ppm

4. :_: :
6. ,.______ _________________-______________, ___

6.
7.

8.i8. '___ _ _ :_ :__ _ _ _ __ _ _ _ _ _ _:__ _ _ _

9. :_:__
10.-

8. OTHER OBSERVATIONS: 3 hour sam ples were collected for 50 minutes for a total
volume of 10 liters.

5. SOURCE OF DATA
Samples were run by Denise McDonald or October 8. 1986.

C -1fL



This page left intentionally blank

~ .- ~ ~A 'KUM. ýA ~LA.: kUM.&A MLMMA"I FALUWW rXJLkX M



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MTERIAL CUOD: 06b
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PfRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A

" 7: NOMINAL THICKNESS: 15-20 rml. ..
8: DESCRIPTION: Material was orange coloreg on one side and buff colored on the'

other s'db.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25T.
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: N,;
6. OTHER CONDITIONS: I Inch cells were used."/etector Temperature 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: FIe rate was 100cc/min

3. 4MULEtGE 1CKqIc. I: COMMENT 2 3

1,. CHEJI KAME(s) : Allyl Alcohol : N/A : N/A
2. US XMR(s): 107-15-6 :K/A 1/A
3. CONC. (IF: MIX) N/A : /A N/A

j 4. CHEMICAL SOURCE:Aldrich rdN/A _ N/A
R eagent Grade_ • N/A I -N/A

4. TEST RESULTS

1. DATE TESTED: ''ne 4. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No Breakthrough was detected after 14 hours.
4. MIN DETECTABLE LIMIT 1.13 ppm
5. STEADY STATE PERMEATN RATE N/AN
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONLENTRATION
2.1. • : _ _ __ _ _ _•_ -

3 -__ __ __ i_ __ i i__ __ _ _ _ __ _ _ _ _ .- i •

3. __:_: :

8. H. OBSERVATION: -

5. SOURCE OF DATA
Sampgles were run by Karen Verschoor on June 4-5. 1986

iiC-Li ii
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL £ODE: ___'

3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab rorp.
5: PRODUCT IDENTIFICATION: C:allenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonizatlon detection with a 11.10 eV lamp.
3.. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: N".
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: Z inch cells were used.a/Detector Temperature - 60C.
7. DEVIATIONS FROM ASkTM F739 METHOD: -Flow rate to cells was 100 cc/min

3. DIJIUE DIEINIC& a : coPoUENT 2 3

1. CHEN NAUK(s) : Allyl chloride N/A : N/A
2. a 1EW R(s): 1U7-U1 :5 N/A 'M:I.A.
3. CONC. (IF MIX) N/A -- /--___iA-- _ _N/A

4. CHEMICAL SCORCE:-Aldrich --- :_NA _:_N/A'

-reagent grade N/A :N/A• TEST RESULTS"I

1. DATE TESTED: May 23, 1986
2. NUMBER OF SAMPLES TESTED: Three (composite runy
3. BREAKTHROUGH TIME: 102 min
4. MIN DETECTABLE LIMIT '.1b ppm
5. STEADY STATE PERMEATION RATE 0.64 ug/hr x cmi
6. SAMPLE THICKNESS: 18-20 mil -

7. SELECTED DATA POINTh N/A ....

TIME CONCENTRATION CCNCENTRATION : CONCENTRATION
1.2.
3. m I

4.
6.

9.

S. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 23. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

, . DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CDUE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTI O Challenge 500
6z LOT OR I4MUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on ene side and buff colored on the,

other slde.

2. TEST METHOD

1. TESTING" LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, TX2. -ANALYTICAL METHOD: Continuous photoilnization detection with a 11.10 eV lamp.
3. TEMPERATURE: 22-25T
4. COLLErTION MEDIUM: -N
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 2 inch cell was used /Detector Temperature - 60C -
7. DEVIATIONS FROM ASTM -39 METHM- Fow rate to cell was l00cc/min.

CHALLENGE CHEMICAL 1 : COMPONENT 2 . 3

1. OEM PANE~) : A1111 Cloride N/A !
2. CAS NUMBER(s): 107051 N/A : /N
3. CONC. (IF MIX) N ' :
4. CHEMICAL SOURCE:Aldrich reagent N/A :N--N/Agrd ' N,/A'-

4. TEST RESULTS "

1. DATE TESTED: June 13, 1986
2. NUMBER OF SAMPLES'TET: One (Run L)
3. BREAKTHROUGH TIME: 165.6 min
4. MIN DETECTABLE LIMIT 0.16
5. STEADY STATE PERMEATIUN RATE U.52 ug/hr x cr9
6. SAMPLE THICKNESS: 18-21 m1l
7. SELECTED DATA POINTS .

TIE : CONCENTRATION : CONCENTRATION CONCENTRATION
1. : :__2.
4. :_:__
5. "
6.
7. "-- _-- -_ : : :

S10. : ______________: ____________ __________

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Sylvia cooper on June 13. 1986.

I 50
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CHDEMCAL PROTECTIVE CLOTHING PRODUCT EVALUA7ION RECORD

1. ?ESCRIFTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: NIA -

7: NOMINAL THICKNESS: 19-20 mil
8: DESCRIPTION: Material was orange colored on one side aird buff colored on the

other side.

2. TEST METHOD

1. TISTING LABORATORY: Texas Resuarch Institute, 9063 See Caves Road Austin. TX
2. ANAL'TICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-259C
4. COLLECTION MEDIU•: N,
5. COLLECTION SYSTE1: N2:-i
6. P 6U CZOXMON. _I tch callwas~md us o~r Tomerataa~e - 60C.
7. MEVIATIONS FROM AM I739 METHOD: Flow rate to cell was 100 cc/=in.

1. CRALWEr COS = : COMJ3N 2' 2 3

1. CHE•I NAME(s) : Allyl Chloride N/A N/A
2. CAS NLMBER(s): 107-05-1 : A
3. CONC. (IF MIX) N/A i NIA : N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-27-87
2. NUMBER OF SAMPLES TESTED: One (Run 1I)
3. BREAKTHROUGH TIME: 152 minutes
4. MIN DETECTABLE LIMIT .03 ppm
5. STEADY STATE PERMEATION RATE .22 (ug/cm4*hr)
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TI : CONCENTRATION : CONCENTRATION : CONCENTRATION
I.
2. : : __
3. :
4.
5.
6.
7.

10. :__ _ _ :__ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _: _ __ _ _ _ _ _ _

8. OTR.ER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on Jan uary 27, 1987.
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CHDIICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

DE. SCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab 'Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 19-20 mil
8: DESCRIPTION: Material was orarge colored on one side and buff colored on the

other side.

2. TEST METHO0

1. TESTING LA.BORATORY: Texas Research Institute, 9063 Bee Caves Road, Austinr TX
2. ANALYTICAL METHOD: Continuous photoicnization detection with a 11.70 eV lam..
3. TEMPERATURE: 22-25'CZ
4. COLLECTION MEDIUM: N,
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature - 60C.

7. ZEMVI ON TlIM ASb&IF739 NE~TWD.' Flow rate to cell ma 100 ctda_

.3. ZIWJ"L4, CMEM,•IC 1 : COMPONENT 2 3

1. CtM NAWM(s) : All£1 ChIoTide : N/A VIA
2. CAS NU'MBER(s): 107-05-1 N/A N/A
3. CONC. (IF MIX) N/A N/A N 4A
4. CHLEICAL SOURCE:Aldrich : N/A NIA

A. TEST RESULTS

1. DATE TESTED: 1-28-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 203 minutes
4. MIN DETECTABLE LIMIT .03 ppm
5. STEADY STATE PERMEATION RATE .15 (ug/cmu7*hr)
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : NNCZNTRATION

1. . .

2.
3.
4.:::

5.
6..9. . : _
9. :

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 28, 1987.
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VCHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION R-CORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Cor .
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR M4ANUFACTURER DATE: N/A '_"
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored. __.. ..

2. TEST METHOD

1. TESTING- LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3.- TEMPERATURE: 22-25W'
4. COLLECTION MEDIUM: N ..
5. COLLECTION SYSTEM: -9?
6. OTHER CONDITIONS: -inch cells were used. /Detector Temperature a 6UC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 90 cc/min.

3. OW.MIE 0i4ICA. I . C~OM WTI 2

1. •M %AW(s): Aniline N/A /A,2. =S WNWl(s): 52-b•a-.3 - /A :. .. N/A
3. CONC. (IF MIX) IA "/A /A
4. CHEMICAL SOMCE:,J.T. Saker rtAent A A A

grade: N/A N/A
4. TEST RESULTS

1. DATE TESTED: April 14, 1986
2. NUMBER CF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.25 hours.
4. MIN DETECTABLE LIMIT 0.46 ppm
i. STEADY STATE PERMEATION RATE /A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N!A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

3.e.

6. . .

10._ ___,_

8. OTHER OBSERVATIONS: _____________________________

5. SOURCE OF DATA
Samples were run ady Karen Verschoor on April 14 .1986.

---------------------------
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Noniex___________
2: PROTECTIVE MATERIAL IIIE Obb
3: CONDITION BEFORE TEST: Unused. no visible imperfection~s
4: MANUFACTURER: Chemfab or
5: PRODUCT IDENTIFICATIUN: Challenge 5100
6: LOT OR MANUFACTURER DATE- N~/A _____________________
7: NOMINAL THICKNESS: 15 -2 0---1T-
8: DESCRIPTION: -Material-was buff col'ored.

2. TEST MET;OD

1. TESTING LABORATORY: Texas Research Institute, 9063 See Caves Road. Austin, TX
2. ANAL YT ICAL METHOD: Continuous 2hotolonizatilon detection with a iI.N 7V lmp
3. TEMPERATURE: 22-25TC -

4. COLLECTION MEDIUM: N_____________________
5. COLLECTION SYSTEM: 2
6. OTHER CONDITIONS: Zinch cells were u sea. Ietector Temperature a * c
7. XEV1ATIZZ 1FRM ASI F73 EHD l1rtIe to cc I& was 9CC/ miuI

C3. £ MLEM. Lki4.WA CI: MPONENT 2 3

I. MHM I4AMEWs Benizene . N/A W, /A
2. CAS NUMEER(s): 71-4~3-2 :/A N/A
3. CONIC. (IF MIX) N/A NAN/A
4. CHEMICAL SOURCE:Fisher reagent grade: N/A :N/A

4. TEST RESULTS

1. DATE TESTED: April 9, 1986
2. NUMBER OF S tIPE5 TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.2 hours
4. MIN DETECTACLE LIMIT -.05n__________________
5. STEADY STATE PERMEATIURNRTPP N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS /

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.
4.

6.
7..
8.
9...
1u.

8. OTHER OBSERVATIONS: ____________________________

5. SOURCE OF DATA
-Samp~les were run by Karen Verschoor on April 9. 1986
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CHEMICAL PROTECTIVE CLUTHIiNG PRODUCT EVALUATION RECORD

.'. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CUNDITION BEFORE TEST: Unused, no visiole imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATIuN: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: MaterTiFwas buff colore'.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous pnotoionization detection With a 11.70 eylamp.
3. TEMPERATURE: 22-25C..
4. COLLECTION MEDIUM: N?
•. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: Z inch cells were used. Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM U77 MTHOD: Flow rate to cells was 9Occ/m'n.

3. OhNUA IE OEH11CAL I : COMPONT 2 3

L. IE9M MAK 1s) : Benzyl Chloride : N/A /A
2. W C IU'R(s): 1UU-44-7 : N/A N/A
3. CONC. (IF MIX) N/A . N/A A N/A
4. CHEMICAL SOURCE:Al rich reagent : N4A : N/Agrace" N/A ' . N/A

4. TEST RESULTS

1. DATE TESTED: A 1ril 10. 1986SNUMBER OF SAMPLES TESTEU: Three

3. BREAKTHROUC'- TIME: No breakthrough was observed after 3.2 hours.
4. MIN, DETECTABLE LIMIT O.:1 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1.

2.
3. : ____
4. : ___

5. : ___
6. :_______ : :________________________________

7. : :___i___
8.
9. : ___
10. :___ :

8. OTHER OBSERVATION.S:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 10, 1986.

C|
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

.1..ESCRIPTAON Of FROUU01 EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL COVE: 0- .

S3: CONDITION BEFORE TEST: Unusedn no visible Imperfections
4: MANUFACTURER: Chemfab _Corp.
5: PRODUCT IDENTIFICATION: Ghallenge 51UU
6: LOT OR MANUFACTURER DATE: NJA
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one s1ie anJ buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Rpsearch Institute, 9063 Bee Caves Rodd, Austin, TX
2. ANALY ICAL METHOD: Continuous photoi-onizatlon detection with a 1.70 eV 1'amp.
3. TEMPerATURE: 22-25T
4. COLLECTION MEDIUM: N? '_"......
5. COLLECTION SYSTEM: NZ -

6. OTHER CONDITIONS: n ich cells were used. *. etector Temerature-_ 60C.
7. DEVIATIONS FROM ASTM F17, METHOD: NLA

3. tHALLE?4•C tHEMICAL 1 : C0MPONT 2 - 3

.L DOEU (S) : Bromine /: A _/A
2. CAS NUMBER(s): 77Z2-95-6 : N/A
3. CONC. (IF MIX) N/A. _N/_A "/"''--" A _

4. CHEMICAL SOURCE:Aldrlch reagent : :-
grade N/_N/_--_--_-_A_-_-_-

-.EST RESULTS "

1. DATE TESTED: September 4. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.Z6 fours.
4. MIN DETECTABLE LIMIT ..3 PPM
5. STEADY STATE PERMEAT ATE- N/A
6. SAMPLE THICKNESS: 19-20 i1l
7. SELECTED DATA POINTS".

TIME : CONCENTRATION . CONCENTRATION : CONCENTRATION
1. . : ..

2. : __._.

3._ _ : _ :S4. . ... ______ . ________________ : __________________________

5. _:_:_._..

6. __ _ _._.:__ :
7. . t

8. .: ._ : ._"10" . __ _ __ _ _ __ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _

8. OTHER OUSERVATIONS:

5. SOURCE OF DATA
Samples were run by Kare, Verschoor on September 4. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1, CIPTION OF PRODnUCT EVALU.TED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imp'erfections
4: MANUFACTURER: Chenfab Corp.
5: PRODUCT IDENTIFICATIOV: Challenge 5100
6: LOT OR MANUFACTURER PT'E- N/A
7: NOMINAL THICKNESS! 15•2O Mnil
8: DESCRIPTION" Material was orange colored on one side and buff col oreu on the

other side. __""_. ... ....

2.TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization dete,:tion with a 11.7 eV lamp.
3. TEIPERATURE: 22-25-..
4. COLLECTION MEDIUM:~_________________________
5. COLLECTION SYSTEM:jNj
6. OTHER CONDITIONS: I nch ce1ls were used. Detector emperature - 60C.
7. DEVIATIONS FROM ASTM F739 IRTHOD: Flow rate to cells was 100 cc/min.

13. DM~.~IEV a"CA 1 : tqO(T2 13

2. D04 NAI(s) : Butyl Acetate :/ N:/A
2. L %M 1 t(S: 540-88-5 /: A
3. CONC. (IF MIX) ! 7 j. .. :Z4A
4. WIMICAL SOURCE'W.T. t akerreagjtAt 3.A /A

grade :N/
4. TEST RESULTS

i. DATE TESTED: July 7. 1986
2. NUMBER OF SAPLE$ TL5TUD: Three
3. BREAKTHROUGH TIME: No breakthrouqh was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.25 DM
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

Ti( : CONCENTRAT ION : CONCENTRATION : CONCENTRKrIUN

3.

7. .•-. -- ___________.. . .._______ Ji i , nn --.

7.8. _____________ - -:_

10.::: 9 .m _______-----m--- l . . .

8. OTHER OBSERV.ATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 7. 1986.

--- ------
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C14E4ICAL PROTECTIVE CLOTHING PRODUCT EVAt UATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED _ _ _ _ _ _ _ _

1: TyPE: Teflon laminated Nomex _____________

2: PROTECTIVE HATER"A CODE: 068
3: CONDITION BEFORE TEST: Unused, to vl1jible-imperfectiono
4: KANUFACTURER: Chemf ab p
5: PRODUCT IDENTIFICATION: Ch&Ilona* 5100
6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL THICMESS: 15-20 ail
8: DESCRIPTION: Mav rial yeas orange colored on one old* and buff colored on the

other side.

2. TEST METNW'D

1. TESTIAG LABORATORY: Texas Resesrch Institute, 9063 Bee Caves Road Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection vith-a'*ft.70V _am._7
3. TPER.ATURE: 22-251 ____________________________
A. COLLECTION MEIM:N
5. COLLECTION SYSTEM: N2 ______________________

6. OTHER CONDITIONS: TI ,ch cells were used./Detector To perature o60C.
7. DEVIATICNS FROM isýT3 EhD lw aet el a 100 cc/mmn.

3. CRrIU1I V'AICA2. I : m i M.OOET 2 3

I. OMM UAWCm) - but I Acrylate :NIA N/A
2. CAS RNUNER(s): 14-2-2 :NIA :N/A
3. CONC.- (IF MIX) N/A MINA :N/A
4. OIMI1CAL SOURCE:Aldrich reagent : /A VIA_________

grade :NIA N/A
4. TEST RESULTS

1. DATE TESTED: July 21, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TfL~: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LI,11T 0.22 Rpm
5. STEADY STATE PERMEATION RATE NIA
6. SAMPLE THICIC4ESS: 13-19 ail__________

7. SELECTED DATA POINTS NIA

TIME * : CONCENTRATION : CONCENTRATION : CONCr%`TRATION
1..
2. ________

3. __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

5.
6.

10. ,

8. OTHER OBSERVATIONS: ___________ _______________

5. SOtURCE OF DATA
Samples v'ire run by Sylvia Cooper on July 21, 1986
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-- E-,ICAi PR0TECTIVE CLOTHING PRODUCT EVALUATION RLCO"

1. .DESCRI:ION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nome%
2: PROTECTIVE MATERIAL CODE: 068 .......
3: CONDITION BEFORE TEST: Unused, no visible lperfections
4: MANUFACTURER: Cheufab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR ANWUTACTURER DATE: N/A
7: NOMINAL THICINZSS: 15-20 mil
8: DESCRIPTION: Material vas buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 lee Caves Road, Austin, T,
2. AN4ALYTICAL METROD: Continuous photolonizationu detection4th n ii ,n .x'1.f"
3. TEMPERATUJRE: 22-25.u
-4. COLLECTION MEDIUM: N7

6. OTER CONDITIONS: ,.2 inch c veit uted /.ta,.,rtn =r....,..a Ar!

M93UATJMS nmW ASZH 73 MT3 D: Flowi rate to calls wa~s 100cc/ain.

",OF*.TM C K M co.lmm 2 )

1. CHEM NA.%'(s) : n-Butyl alcohol : 14/ 1/A
2. CAS NUMBER(s): 71-36-3 N/A . N/A
3. CONC. (IF MIX) N/A N N/A N N/A
4. CRDEICAL SOURCE:Iaker reagent trade :, IN/A N/A

47. T•T RESULTS

1. DATE TESTED: M•.. 16, 1986
2. NUMBER OF SA?1.JS T SX-ED: Three
3. BREAKTHROUGH TDM: wo breakthrough vas observed after 15.6 hours.
4. MIN DETECTABLE LaI1T .32 pPM
5. STEADY STATE PENkMATO0N •ATE NI/A _
6. SAMILL TRIC•NESS: 17-19 ail.
7. SELECTED DATA POINTS N/A

TIM : CENZNTR.ATION : WNCENTLATION : WNCENTA3.TION
1.
2. : : a
3. : :
4. :
5. : :__ _ _ _ _ __ _ _

9.

S. OTLER OBSERVATIONS:

5. SOURCE OF DATA
Samples vere run by Sylvia Cooper on Nay 16. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATibN REcORD

S .* DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: COND17ION BEFORE TEST: Unused, no visible imperfectionsI 4: MANUFAC•TRER: Chatab Corp.
5: PRODUCT IDENTIFICATION: Chillengle 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICXNESS: 15-20 0i=,
6: ESCRI•FTION: Materia' was orange co.lored on one side and buff colored on the

other side.

-. 41ST METHOD

1. TESTING LABORATORY: Teams Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL NETIOD: Continuoua _phocolonization detection vith a 11.70 eV lam
3. TDMWERATT3E: 22-25CZ€
A. CDLLECT:ON MEDIUM: N2

4. 1Tm IWTT'IOWS: 2 inch g1el pwe usedyrtect "Z ,,. ,8 AM-
7. XVIATIONS FROM AS7 F739 0ETHOD: Flov rate to cllt smas lgOcc/mln.

3. Immix= T ai. 1 2 CONNU 2 123

1. - CM AME(e) : 0.3acymltime : W/A M: IA
2. CAS NUMBER(s): 109-73-9 : N/A : N/A
3. CONC. (ZF MIX): N/A ; N/A : NIA
4. CEL41(CAL SOULRCE:Aldrich reagent : N/A N/I

grade : N/A N/A
4. TEST RESULTS

1. DATE TESTED: May 19, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BRE.A•I•OUGH TV1E: No breakthrough vas obsecrved after 3 hours.
4. PIN IXTECTA BLE LIMIT .32 plm
5. STEADY STATE P•a MAT ON ATE NI/A
6. SAMPLE TRICKNESS: 17-19 uiI7
7. SELECTED DATA POINTS N/A

TIM CENMNTILATION OflNCENTRATION : CONCENTRATION
1. : :

3.
4.:::
5. ':

6. :7..
4. _ _ _ _ _ _ _: :__ _ _ __ _ _ _ -

8. __ _ _ _ _ _: __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

9. : : _

10. : :__

S. OTHER OlFLiKVATIONS:

5. SOURCE OF DATA
Smnples vere run by Sylvia Cooper May 19, 1986

C-ID
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i . DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTLRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANWACTURER DATE: N/A
7: NOMINAL THICXNESS: 15-20 il
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

ij other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX

2. -ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEHPERATLTRE 22-25*C
4. COLLECTION M[EDIUM: N2
5. COLLECTION SYSTEM: N2 -
6. OTHER CONDITIONS: I inch cells were used./Detector Temperature -iOOC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. RALENM RTMICAL I : Ct T 2 : 3

1- C .NL(s) : Butyraldehyde N/A : N/A
2. CAS NIMBER(s): 123-72-8 : NIA : NiA
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:Aldrich reagent N/A : /A

grade : N/A . N/A
4. TEST RESULTS

1. DATE TESTED: July 24, 1986
2. NUMBER OF SAMtPLES TESTED: Three

S 3. BREAKTHROLGH TIME: No breakthrough was observed after 7.5 hours.
4. MIN DETECTABLE LII-T .29 pm

S 5. STEADY STATE PERMEATION RL-E N/A
6. SAMPLE THICIMESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION : CONCENTRATION CONCENTRATION1. __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ ,__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

2. :
m 3.

4. : :

8. : *

8.

9. :
10. : :

8. OTHER OBSERVATIONS •

5. SOURCE OF DATA
Samples were run b•y Sylvia Cooper on July 24, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUArION RECORDj

j 1. DESCRIPTION OF PRODUCT EVALUATED
1: TYPE:_LT~flon laminated Nomnex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MAIIUFACTLIRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/AI7: NOMINAL THICKNESS: 15-20 mil8: DESCRIPTION: Materialr was-orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX2. ANALYTICAL 1WETHOD: Continuous Photol-onization detection with a 11.70 ev lamp.
3. TEMPERATURE: 22-25r3C
4. COLLECTION MEDIUM: NRop
5. CIOLLECTION SYSTEM:_ N2 _________________
6. OTHER CONDITIONS: Iinch Ce li were used /Detector Temperature a -7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. £1414ERK MfE"IC& 1 CDMFCR(UT 23

10 CHEM tdANEWs :. Carbon Disulfide : /A : /A2. US IUMER(s): 75-IS-0 N/A N/A3. CONC. (IF MIX) N/A/ANA
4. CHEMICAL SOURCE:Mallinckrodt : N4A : N/A

4. TEST RESULTSregngadN/ NA

1. DATE TESTED: June 27, 1986
2. NUMBER CF SAMLS TSE: hree (composite)
3. BREAKTHROUGH TIME: 21.60 min
4. MIN DETECTABLE LIMIT.1 llpwn
5. STEADY STATE PERMEATION RATE 2.76 ug/h~r x cm'
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POITSN/

T I~ W. CONCENTRATION : COICENTRAT ION : CONCENTRATION
1.
2. __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ * _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. __ _ _ _ _ _ : _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4. ________

5. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6. __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

7. __ _ _ _ _ _ _:_ _ _ _ _ _ _ _ _ _ _ _

8. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9.
10. 0.........____________________

8. OTHER OBSERVATIONS:__________________ 
__________

5. SOURCE OF DATA
-Samples were run ty Syl via Cooper on June 27, 1986.

111'' 1 11 1, 1 ,111 "1 11 46 1q 111
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CHEICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomnex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Wmperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MAMUFACTURER DATE: N/A
7: NOMINAL THICKJNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

7. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Roadp Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.70 ev lamp.
3. TEMPERATURE: 22-25*f
4. COLLECTION MEDIUM: N i

5. COLLECTION SYSTEM: N-
6. OTHER CONDITIONS: 1 inch cell was used. /Detector Temperature a 60C.
7. KNfI 6 FROM AIl F739 METHOD: F ow rat* to Cee I was 100 cc./mn.

3. 00LJ.NU •i I : COMPNENT 2 3

1. DHEM NAME(s) : Carbon Disulfide : N/A / N/A
2. CAS .R(s): 7 3- - :lN N/A 1A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:MalIinckrodt : N/A " :N/A

reagent grade : N/A : NA4o TEST RESULTS'

1. DATE TESTED: June 27. 1986
2. NUMBER OF SAMPLES lESTED: One iRun I) ......
3. BREAKTHROUGH TIME: 20.50 min
4. MIN DETECTABLE LIMIT_.05
5. STEADY STATE PERMEATION RATE 3.65 ug/hr x cn
6. SA"PLE THICKNESS: 18-19 mil
7. i,.,.ECTED DATA POINTS N/A '_'___,,__

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

5. - ,

8.

10.'Ia. . _ a

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Sylvia Cooper on June 27. 1986

-- C -*
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CUDE: 068
3: CONDITION BEFORE TEST: Unused: n visible impnerfections -
4: MANUFACTURER: Chemfab Cor p.
5: PRODUCT IDENTFICATIUN: Challenge 510U_'
6: LOT OR MANUFACTURER DATE: N/A...
7: NOMINAL THICKNESS: 15-20 1l
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.70 eV 1amp.
3. TEMPERATURE: 22-25WC
4. COLLECTION MEDIUM: N "
5. COLLECTION SYSTZM: N27
6. OTHER CONDITIONS: I Inch cell was used. /Detector 7 eýerature a 60C.
7. DEVIATIONLS FROM ASTM F739 HETHOD: Flow rate to cell was 0•0 cc/min.

3. Uftim. 1Omit1L I1tGN. I 2 .3

1 DIM WAr(s) : Carbon Disulfide N/A /A
2. aLs WJ1 t(s): 75-15M /.
3. CONC. (1.7 MIX) ! N. /A
4. 4MEMICAL SOURCE:A•i I jckrodt Nl L----7"

reagent grade N __._

4. TEST RESULTS

1. DATE TESTED: June 30. 1986
2. NUMBER OF SAMPLES TESTED: One (Run 1, = -

3. BREAKTHROUGH TIME: 17.70 main
4. MIN DETECTABLE LIMIT .0b _pm_"

5. STEADY STATE PERMEATION RATE 2.5 ujr x cnE
6. SAMPLE THICKNESS: 18-19 1il
7. SELECTED ,.A'TA POINTS N/A _

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :
2. __ _ __ _ _ __ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

3. . .

4. _ _ _

5.
6. " : _

ic i

8.
9.

8. OTHER OBSERVAT 1ONS:

S. OURCE OF DATA
Sample was run by Sylvia Cooper on Jute 30. 1986.

-- - - - - - - - - - . . . . . . . .
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 063
3: CONDITION BEFORE TEST: Unused, no visible imperfections

4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DAT? NWA
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Roaa. Austin, TX
2. ANALYTICAL METHOD: Continuo;;: rhetoion'zation detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N'
5. COLLECTION SYSTEM: NZ
6. OTHER CCJITIONS: Z Inch cells were usec. ,etector Temperature a oOC.
7. ]VIATIONS f i(A f739.4 ?•(TNMOb: F1ow rate to cals i zc a S mU m. I -- ,

3. L/H&L.ENiE PLNE.ICAL I : C.WONENT 2

1. VMEMAME's) : Carbo rTetractiloride: N/A : ?4/A
2. CAS NUMBER(s): 56-Z3- " NA N/
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt N/A N/A

reagent yrade N/A :A
EST RESULTS

1. DATE TESTED0 Aaril 16, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was ooserveld af'ter 3 hours.
4. MIN DETECTABLE LIMIT N/A'
5. STEADY STATE PERMEATION RATE
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION COICENTRATION CONCENTRATION
2.

3.
4. ___ _5. :__ _ _ __ _ _ _ __ _ _:__ _ _ _ :__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

6. OF:AT7.
8.
9.
i0. "::

8. OTHER OBS•ERVATIONS:

5. SOURCE OF DATA

Samples were run by Karen Verschoor on April 16. 1986
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V~CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PROUUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: Q68
3: CONDITION BEFORE TEST: UnuseO, no visible imperfections_
4: MANUFACTURER: Chemfab Cor ... .
5: PRODUCT IWENTILAUUN: Cha lenge 5100
6: LOT OR MAUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 1O.ZO eV lamp.
3. TEMPERATURE: 22-25T.
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2 ._"_.
6. OTHER CONDITIONS: 1 Inch cells were used. /Detector Temperature a 160C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was IOU cc/miu.

.1. DUL.EIE D1[IC. ;1 : COMPONNT Z 3

1. CHEM NAME(s) : Chlordane (25%1) : N/A _ /A
2. •I UMDR(s): N/A /NA /
3. CDC. (IF "Ix) /A , N__
4. CAEMICAL SOtRCE:Voluntary Product : N/A

"group NIA I91A

4. TEST RESULTS

1. DATE TESTED: September 9. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.44 hours.
4. MIN DETECTABLE LIMIT O.Z6 ppm
5. STEADY STATE PERMEATION RATE A..
6. SAMPLE THICKNESS: 18-19 mril
7. SELECTED DATA POINTS N/A

S"AME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.2.
3.
4.•
5 . _ __,3. ________________________________ _____________

6.
7. |

8. : .

9. :_"____
10. , __,__l___ -- _ --_l_ l

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 9. 1986.

im IC-N.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD!
I. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5060
6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL TRICKrESS: 15-20 ml.
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25"C
.4. COLLECTION MEDIUM: N2

5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 60C.
7. !In S IM AM• F739 ETWOD: Flw Tae to cUls was 100 Wcain-

3. RALLEM CHMICAL I : COlPONEIN 2 : 3

1. M •IAE(s) : ChloTobenzene 2A N /A
2. CAS KUMBER(s): 108-90-7 : N/A N/A
3. CONC. (IF MIX) N/A " N/A N/A
4. CHEMICAL SOURCE:Aldrich reagent : N!A : N/A

grade : N/A N/A
4. TEST RESULTS

1. DATE TESTED: July 16, 1986
2. NUMBER OF SA LES TESTED: Three
3. BREAKTHROUCH TLME: No breakthrough was observed after 3 hours
4. MIN DETECTABLE LI1IfT .20 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIC : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3. : *
4. . _______________________________________

5. :
6. :
7. : .

9..9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Samples were run by Sylvia Cooper on July 16, 1986

I,% ýPaUW'LOWLM~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~A~~ LkflSAU3 LMLII~muawmu WLýI f 1 MU mV kX -LuV V3 XW mW
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material buff colored

2. TEST METHOD

1. TESTING. LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization deWection with a 11.70 1 lamp.
3. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: Nq
6. OTHER CONDITIONS: 2 inch cells were used. /etector T erature u 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 90 cc/min

3. 0MLL"GE MtMIAtItRL I COM•PET 2 3

S,019M NAME{(s) : Chloroform : N/A N/A
2. US U1MR (s): N5:49-6 /A N/A
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE;.odak - " Jf/A NL/Areagent grade---: NA:N/

4. TEST RESULTS

1. DATE TESTED: April 24. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.6 hours
4. MIN DETECTABLE LIMIT 0.19 ppm
5. STEADY STATE PERMEATON RATE N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS NA

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATIONI. . :.

3.4. : :__
5. __ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ __ _ _ _6;. __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

7. __ _ _ __ _ _ __ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _

9.

10. : : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 24, 1986

L~~~ ~~C8 MI - _----_
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nornex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Cherifab Corp.
5: PRODUCT IDENTIFICATIUN: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

"1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 1(3.20 eV lamp.
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N.
b. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used. etector Temperature -I00C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/mi.

3. L•HALLEN.GE Z..EMICAL I: COMPONENT 2 :3

1. CHEM NAME(s): Chloropicrin N/A : N/A
2. CAS NUMBER(s): 76-06-2 :/N A: N/A
3. COX. (IF 1IIX) N/A: N/A N/A
4. CHEMICAL SOURCE:Kodak reagent : N/A N/A

,g~rade :N/rA N /,A

4. TEST RESULTS

1. DATE TESTED: October 15, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.1 hours.
4. MIN DETECTABLE LIMIT 1.80 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.

""3.:::

4. : : :
5.
6. : : :
7.8. :__ __ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _: _ _ _ _ _ _ _ _

9. : :_:
10. :_:_ :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 15, 1986.

C-88
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 ml
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
"2. ANALYTICAL METHOD: Ion Chromatography- on Dlonex 2000
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: .Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: Z inch cells were used.
7. AEIAT.IM S FMN ASTN f739 1TEiDD:

C.HALLENLE CHE'UAL 1 : COMPONENT 2 " 3

1. T I6IME(s) : Mhlo sulfonlc Acid :/iA / AJ.
2. CAS NUMBER(s): 719U-94-5 : N/A : N/A
3. CONC. (If MIX) 70% : /A
4. CHEMICAL SOURCE:Aldrich reagent : /NA

grade N/A
4. TEST RESULTS

1. DATE TESTED: October 10. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TI,.!i: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.5 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mril
7. SELECTED DATA POINTS Cells 1,2. and 3 at end of 3 heur test

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 Hours : <0.5 ppm : <0.5 ppm : Q0.5 ppm
2. ," :__
3. • : :
4.
5.

7.
8.i8: :__ _ _ _ _ : _ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _S~~~9.::":

10. _ _

8. OTHER OBSERVATIONS: P.lention time for 5 ppm Chlorosulfonic Acid standard was
2.08 minuo

5. SOURCE OF DATA
Samples were run by Denise Mc~onald on October 10, 1986.

i iBJ A* M-q AP
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2. DSCRITION CHEMICAL PR~OTECTIVE CLOTHING PRODUCT EVALUATION RECORD
1.DSRPINO PRODUCT EVALUATED

1: TYPE: Teflon laminated N~inex
2: PROTECTIVEL MATERIAL CODE: 06
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab rp.
5: PRODUCT IDENTIFICATION: C allenge 5P0
6: LOT OR MANUFACTURER DATE: N[A-
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING-LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photolonlzation detection with a 11.70 eV lamp,.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N.
S. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: inch cells were used. /Detector Temperature 60C.
7. DEVIATIONS FROM ASTM F1739 METHOD: Flow rate to cells was 90cc/min

3. NM.LL170E CHMICAL 1 : tDRPME1rT2 3

. aEm MAX (s) : Cresol /A :/A
2. CAS IIJIqBER(s): 108-39-4 N/A :
3. CONC. (IF MIX) N/A N/A N A
4. CHEMICAL SOURCE: J.1. BAKER : AA_:_ _

reagent grade :" NAA
4. TEST RESULTS

1. DATE TESTED: April 7, 1986
2. NUMBER OF SAMPLES TESTED: Three.
3. BREAKTHROUGH TIME: No breakthrough was observed after 4 hours
4. MIN DETECTABLE LIMIT 0.03 Pov ._.....
5. STEADY STATE PERMEATION RATE N/A -.

6. SAMPLE THICKNESS: 17-19 m1
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.2.

3 . . _ _ _ =_, _ _ ,_,4.

5.
6 . : "_ _ _... . -

7 . ..__ _ _-_ :___"--__ . _ .
i.i__ __ __ m__ __ _ __ _ __ _ __ _ __ _i_ _ __ _ __ _ __ _ __ _

9.
1. : _____________: _______________________

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 7. 1986

~ -naa .~aa a t~f t s aia- aan~fl bA Sf3 fl.ami s j~i ta m
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE : Teflon l aminated Nomex
2: PROTECTIVE MAITEIAL CUDU: b55 .
3: CONDITION BEFORE TEST: Unused, no visible imperfections-
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTF'ICATION: Cha ienge 5100
6: LOT OR MANUFACTURER DA
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 1h.Z eV lamp
3. TEMPERATURE: 22-25-C
4. COLLECTION MEDIUM: N .
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 nich cells were used* /Detector Temperature a i00.

7. DEVIATIONS FROM ASTM F739 METHOU: N/A

4. U MI.EUO DMICAL .1 : COGPONEJT2 .3

1. CHEN NAME(s) : Creosote N/A N/A
2. U A1flE1($): N/A N/A

3. COtC. (IF MIX) N/A "A- N/A
4. CHEMICAL SOURCE:&'Chemicals.Inc. _ ': .NA_

4. TEST RESULTS

1. DATE TESTED: August 18, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 18.1 hours.
4. MIN DETECTABLE LIMIT .32 ppm
5. STEADY STATE PERMEATION ME N.".
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

4. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

p 3.

9: : ______________________________6.
7.::
8.:::
9.:::
10. :_: :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on August 18, 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MAN4UFACTIRER: Chemfab Corp.
5: PRODUCT IDENTIFICAI1UN: Challenge 510.
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20"mil
8: DESCRIPTION: Material was orange colorecd on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Rad. Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.10 eV lamp.
2. TEMPERATURE: 22-25T-
4. COLLECTION MCFUM: N7
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used. /Detector Temperature -
7. DEVIATIONS FROM ASTN F739MTHOD: Frow rate to cells was IOU cc,'min.

3. tMIWLtGI tD4tMtA 1 3

1. &M tAWE(s): Crotonal dehyde N/A _/A
2. -CAS WUMER(s): 123-73-9 . : /A
3. CONC. (IF MIX) N/A -- /A :-/A
4. tMItMI SOMEldrich Negf -- "/A

grade "N:_________-A - __ -
4. TEST RESULTS 

"

1. DATE TESTED: July 15. 1986
2. NUMBER CF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.1 hours.
4. MIN DETECTABLE LIMIT-0.62ppm.
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.
2. : ,_ . _. : :
3. : : :

5. _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ __m ___ ___ __ ___ __ _ _ __, _ __ _4. : : :
5. : :__6.":":
7.8. •:•
9. •.

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
S~Samples were run b~y Sylvia Cooper on July 15, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Noniex
2: PROTECTIVr MATERIAL CODE. 065
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MAt4UFACTL1RER: Chemfab Cr .
5: PRODUCT IDENTIFICATION: -Challenge 5100
6: LOT OR MANUFACTURER DATTI
7: NOMINAL. THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored-o-n thFe

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road,* Austin *TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.701t e aip.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N?-
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: Iinch cells were used /Detector re-merature a6C
7. DEVIATIONS FROM ASIM F139 METHOD: Flow rate to cells was 100 cc/min.

3. ThRLMIL E~tMI I : tOMMPWtET 2

.1. Da NAME~s W Cuamne Hydroperoxide: N/A NA
2. WS UIMBER(s): a0-15-9 / /
3. CONC. (IF MIX) N/A N/A : /A
4. 01EMICAL SOURCE:.Aldricih feqegt ________A_

4. TEST RESULTS grae _ / /

1. DATE TESTED: July 14, 1986
2. NUMBER OF SAMPLE TESTED: Three__________
3. BREAKTIHROUGH TIME: No breathrough was observ-e-dI 3.5 hoT1urs*
4. MIN DETECTABLE LIMI 1. Rpmr
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mnil
7, SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.
4.
5. -

8. OTHER OBSERVATIONS:____________________________

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 14. 1986. __________

11 AX4I
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IF CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: challenge 51u
6: LOT OR MANUFACTURER DATE N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. -

2. TEST METHOD

1. TESTING LABORATORY: 7exas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-256C
4. COLLECTION MEDIUM: N?

S 5. COLLECTION SYSTEM: N7
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

'3. MIMEh VitMItA. I tM MMw 2 3

.L ZM 8WE(s) .: Cycl ohexane
2. CAS UNMER(s): 110-82-7 - _"__

3. CONC. (IF MIX) N/A "_.,_,, '.',_-
4. CHEMICPL SOtRCE-Aldvvh riagent:-grade . ...___ _ _ _ _ _ _ _ _ _ __ _ _ _ _

"EST RESULTS

1. DATE TESTED: July 3, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.4 hours.
4. MIN DETECTABLE LIMIT 25 epm
5. STEADY STATE PERMEATION RATE N/A .__
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A j

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1I. :__ _ __ _ _ _ :__ _ _ _ _ __ _ _ _ _ _ •__ __ _ _ __ _,__ _ _ __ _ _ ,_ _

2.
3.

7. : : :7. :__ _ _ _ _ _ ._ _ _ _ _ _ _ _ _ _ _ : __ _ _ _ _ _ _. _ _ _ _ _ __ _ _ _ _ _

9. : : :
10. . -

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 3. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chem-ab C;or p.
5: PRODUCT IDENTIFICATION: C allenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 .m..
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous lphotoion ization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N. -
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: Z Inch cells were used. * etector Temperature - 60C.
7. DEVIATIONS FROM ASTM F7S39 METHOD: Flcw rate was 100cc/min.

3. CHALLENGE CHEMICAL 1 : COMPO1ENT 2 : 3

1. HEM NAPE (s) : 1,2 Dlbrwomethane : /A I AA
2. CAS UBER(s): 1-93-4
30 C;ONC. (IF MJX) JN/A VA A

4. CHEMICAL SOURCE: Aldrich reagent . N:-
4. TEST RESULTS ..X) N/A .N/

1. DATE TESTED: May 12, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 5 hours.
4 D EIN DTECTABLE LIMIT .10 P
5. STEADY STATE PERMEATION N/A . .. . _ .. . .
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N/Ai

T IM : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.2. .__ _ _ _ _ _ _ _ _ ,_ _ __. _ _ _ _ _ _ _

3. : _ _

4. : ____

5. 5O.CE F AT

8.:::
9.::
10.'

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Samples were run by Karen Verschoor on May 12, 1986.
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CREKICAL PROT1ECTIVE CLOTHING PRODUCT EVALUATION IECORD

1. MSCR..PTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERLU. CODE: 068
3: CONDITION BEFORE TEST: Unused, na visible imaerfections
4: MANUWACT•ERl: Chenfab Ccrp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE:_.N/A
7: NOM•NAL TEICWESS: 15-20 ail_

8: DESCRIPT.ION: Material was buff colored.

2. TEST ETOD

1. TESTING LABO3.ATORY: Texas Research Institute, 9063 Bee Caves load, Austin, TX
2. ANALYTtCAL ,'fTHOD: Continuous phocoionization detection
3. T04PEATiRE: 22-25"C
4. COLLECTION MEDIUM: N1

6. OTHER CO-nDITIONS: 2 inch cells were used
.7. DEV1AT•NS 1JW SMI•137,9 . D .: F..Lw race to cells vas 90ccl/=n.

3. MALLNGE CH-."ICAL 1 : COMUNIT 2 3

1. CH .- NAS(s) : 1,2-Dichloroehane : N/A : N/A
2. CAS NU.3ER(s): 107-06-2: N/A : N/A
3. CONC. (I.- KLX) N/A = N/A : N/A
4. CR•Li•CAL SOURC.E: Aldrich reagent : N/A : N/A

grade : N/A : N/A
EST RESULTS

1. DATE TES=: May 1, 1986
2. NUMBER OF SAMPLES rTSTED: Three
3. UE• 'iT"OCUG TDIM: No breakthrough vas observed after 5.7 hours
4. MIN DETECTABLE LIMIT....
5. STEADY STATE nPmAT1ON LATE N/A
6. SAMPLE TRICWESS: 17-19 ail I 1
7. SELECTED DATA POINTS N/A

TI.! : CONCENTRATION : CONCENTRATION : CONCENTRATION

2. .

3. . •
4. .

5. . .

6. : :
7. : •
8. :
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples vere run bZ Karen Verschoor on May 1. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DSCRIFTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL TRICIOTESS: 15-20 -ail -
8: DESCRIPTION: Material vas orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TL-PERATURE: 22-25"C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEm: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 60C.

7. DEVIATIONS FROM ASTh F73) METHOD: Flow rate to cells vas 100 cc/min.

3. tmLmE Mr. MCAL 1. : cW "Of'T 2 3

1. CHE NAM (s): 1,2-Dichloroethvl N/A - N/A
other N/A I N/A

2. CAS NUlfBER(s): 623-46-1 : NIA : N/A

3. CONC. (IF .[IX) N/A N/A : N/A
4. CHEMICAL SOURCE: Kodak reagent grade: N/A : N/A

TEST RESULTS

1. DATE TESTED: July 16, 1986
2. NLUIBER OF SA,!PLES TESTED: Three
3. BREAKTHROUGH TL'IE: No breakthrough was observed after 3 hours.
4. .•.N DETECTABLE LLMIT N/A
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TI.M CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :

4. : :
5. : :
6.
7. : :
8. :_:_:

10.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Crooper on July 16, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIFTION OF PRODUCT EVAL-ATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDINION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous Rhotoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM:- N
6. OTHER CONDITIONS: I inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL l- ooOMWOaENT 2 3

1. CHEM NAME(s) :1.2-Dichloropropane : /A N/A
2. CAS NUMBER(s): 78-U7-5 N /A
3. CONC. (IF MIX) N/AN/A N/A
4. CHEMICAL SOURCE:Koaak reagent grade N LA

4. TEST RESULTS

1. DATE TESTED: July 1, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.1 hours
4. MIN DETECTABLE LIMIT pJ1
5. STEADY STATE PERMEAT ONR
6. SAMPLE THICKNESS: 18-19 mril -
7. SELECTED DATA POINTS N' A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1- - : ,_ __ __:__ ___:_

2 . •__ _ _. . . . .
3. :_:_: __
4. ____:

6. : _
7. ___ -_:8. __ __ _ __ __ __ _ ____ _ _ _ lli_ _ _ __ _ _ _ __ _ _ _ _

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 1, 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PRUTECrIVE TERIAL COD 0.68-
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATM N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange col ored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 906Z, Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photojonization detection th a 11.7 ev lamp.

3 TEPERATURE: 22-25¶-
SCOLLECTION MEDIUM.' N?__-_ _"_,_,._ "

5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 1 inch celis were used./ Detector Temperature a SC. -
7. DEVIATIONS FROM AS F79 f 6O: Flow rate to cel s was 100 cc/min.

3. r.&AL"E IH ~E"1tR. I
- ' ,1. CHEM NAME(s) : 1 3-Dic0p n N/ -. .. "A

2. CAS 1NU`MBER(s): 6 U/A /
3. CONC. (IF MIX) N/A A: N/A
4. CHEMICAL OURCE:ldricA r ent : 4... ... "A

4. TEST RESULTS 
N

1. DATE TESTED: July 101 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .11 ___

5. STEADY STATE PERMEATTNIA
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A_-_ _.. .....

T IME CONCENTRATION CONCENTRAT ION CONCENTRATION

2.2.

5.
6 . __ _ __ _ __ _ __ _ __ _ _ __ _ _ __ _ _

S7. ::
8. 8. _ __ _ __ _ __ __ _ __ _ __ _ __ __ _ __ __ _ __ _ __ _ __ _ ___i_

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 10. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i.DESCRIPTTON OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A . ...
7: NOMINAL THICKNESS: 15-20 rail
8: DESCRIPTION: Materlal was orange colored on one side and buff colored on the

.other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N _

5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used./ DetectoF Tepe-rature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHXLLtE•?4CCiEq'tAL 1 : t 12 3

!11. CHEM NAME(s) : Diethanolamine A : /A
2. CAS NUMBER(s): 111-4Z- [A

3. CONC. (IF MIX) N/A N/A
4. tPEMICAL SOURtE:Aldrich reagent II/A 14 /Ag rade ' .. : .. N A * N A .

4. TEST RESULTS

1. DATE TESTED: June 25. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT N/A
5. STEADY STATE PERMEA ION RATE N/A
6. SAMPLE THICKNESS: 18-19 mril
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. :
3. ,__ _:_ _

4. : :__

6. :

7. :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 25, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTELIIVE NAILRIAL COUL: Ub__
3: CUNDITION BEFORE TEST: Unused, no visible imiperfectiuns
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION- Challenye 51UU
6: LOT OR IANUFAClURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 nmil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD, Continuous photolonization detection wit'!h a 11.70 eV lamL.
3. TEMPERATURE: 22-256C
4. COLLECTION MEDIUM- __

5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: Z inch cells were used. /Detector Temperature 60C .
7. DEVIATIONS FROM ASIM F739 FETHOD: Flow rate to cells was lO'cc/min

3. Ch1PLLENGE CtIEI11CAL 1 2 1~t14 3

.1. CHEM NAME(s) : iisoprop~amine.. N/A : /A
2. CAS NUMBER(s): lub-18-9 : _'_.---.9: N/A
3. CONC. (IF MIX) N/A : N
4. CHEMICAL SOURCE:Aldrich reagent N- _ATagrad-e : NA ---

TEST RESULTS

1. DATE TESTED: May 20, 1986
2. NUMBER OF SAMPLES TES[ED: Three
3. BREAKTHROUGH TIME: No breakthrough wa* observed after 1"Fhours
4. MIN DETECTABLE LIMIT .39 _pp_

5. STEADY STATE PERMEATION R'AE N/A
6. SAMPLE THICKNESS: 17-19 mil'
7. SELECTED DATA POIrNTS N/A

TIME CONCENTRATION : CO'CE NTATION : COCENTRATION

2. :__ __ _ _ :__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ :_ _ _ _ _ _ _ _

3.
4.
5.
6. : : :
7.
8. : _ :
9. :_: :10. :____

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 2U, 1966
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL COVE: 068
3: CONDITIUN BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge5100
6-. LOT OR MANUFACTURER DATTEN7/A.
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.2 lamp.
3. TEMPERATURE: 22-25'C
4. COLLECTION MEDIUM: N?_
5. COLLECTION SYSTEM: NZ
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 'OOC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. Ci4LLENGE Ly'IVLL I CaIENT 2 3

1. CHEM NAME(s) : Dimethyl Sulfate :N/A: N/A
2. CAS NUMBER(s): 171-71-01 : 4AA /A
3. CONC. (IF MIX) N/A :, NIA N/A
4. CHEMICAL SOURCE:Baker : -N/A : N/A

4. TEST RESULTS

1. DATE TESTED: September 21, 1986
2. NUMBER OF SAMPLES TESTED: lhree
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT.2'ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :2 .:::

3.
4. :_: :
5.

7. : :
B.
9.
10. .

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were rin by Denise McDonald on September 21. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5iOo
6: LOT OR MANUFACTURER DATE: N/A7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTII,; LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25T 

-4. COLLECTION MEDIUM: N2_
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: I inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL 1 : C•DPONENT 2

2. CHEM NAME(s) : 1.4-Dioxane :___/A :/N__A2. CAS NUMBER(s): 123-91-1 /A N/A

3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:J.T. Baker reagent_: : W/A

grade_____/A_: N/A
4. TEST RESULTS

1. DATE TESTED: June 26, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 1.04 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

7.

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 26. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCR.PTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE; 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 ail
8: DESCRIPTION: Haterial was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEm: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASTH F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL I : COMPONEXT 2 : 3

1. CHEM NAý!E(s) : D propyl 4a. Nil. . IA/A
2. CAS NUBER(s): 107-10-8 N: NA :_ N/A
3. CONC. (IF !aX) N/A - A N/A
4. CHEMICAL SOLRCE:Aldrich reagent : N/A : N/A

gzade : N/A : N/A
4. TEST RESULTS

1. DATE TESTED: July 18, 1986
2. NUMBEP OF SAMLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.4 hours.
4. MIN DETECTABLE LL'!T .22 ppm
5. STEADY STATE PER!EýATION RATE N/A
6. SAWLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1. :

2. : : :
3. : :

4.
5. : _:__
6. : : :
7.
8. : : :
9. :_:_:
10. :_ __:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Samples were run by Sylvia Cooper on July 18, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections4: HAMUFACTURER: Chemfab, •rp.
5: PRODUCT IDENTIFICATION: Cha lenge 5100
6: LOT OR MACUFACTURER DATE- N4A

7: NOMINAL THICKNESS': 15-20 mil ..8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous phutoionizaticn detection with a 11.70 eV lamp.
3. TEMPERATURE: k2-25T.
4. COLLECTION MEDIUM: N-
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 1 Inch cells were used. /Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 16j.c/m -,

3. tIHALLERM t1't4ICAL I twIoNt 2 3

1. 'CHEM NAIW(s) : Epichlorohydrin /AA :./
2. CAS ,.UMBER(s): 106-89-b__ ./A /A
3. CONC. (IF MIX) N/A __,_,N___---'__/A __4,. tMEItAL SOORCE:Fisher :N 4A' :"'-"

Reagent G ra'(e - : N/A :N"/.A-
4. TEST RESULTS

1. DATE TESTED: June 4. 1986
2. NUMBER OF SAMPLES TESTEL: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after three hours.
4. MIN DETECTABLE LIMIT 0.75 pp,
5. STEADY STATE PERMEATION RATEN/A
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :

2. _ _ "_"_ __.
3.:::m

4. : : :
5.6. ' :__ _ _ _ _ :__ _ _ _ __ _ _ _ _ :__ _ _ __ _ _ _ __ __ _ __ __ _ _

9.
10•

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on June 4. 1986

C-I
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CHEMICAL PROTECTIVE CLOTHINIG PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Noiex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp. .
5: PRODUCT IDENTIFICATION: C allenge 5100
6. LOT OR MANUFACTURER DATETMA
7: NOMINAL THICKNESS: 15-20 mul"
8: DESCRIPTION: MaterTal was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. "ANALYTICAL METHOD: Continuous photoionization detection with a 10.ZO eV lamp.-
3. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: Z inch Ceils were used.7 etector Temperaturea 6.
7. 'DEVIATIODFNS R01 f7• ,sRI flow O 1 alisN was E.N

3. CHALLENGE CHEMICAL a1 Z £iNPOL ENT 2 3

1. CHEM NAW(s) : Etttion 4 IA__ _ _ /IA
2L CAS NUMBER(s): NAN/A
3. CONC. (IF MIX) N/A -_.__A-A,
4. CHEMICAL SOURCE:FMC Corp. N/A

4. TEST RESULTS

1. DATE TESTED: October 12, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4.84 hours.
4. MIN DETECTABLE LIMIT .603
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 .1 -_-_"-
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. _ •__
3. : :
4.

10. _:_._:_._:

8. OTHER OBSERVATIONS:

S. SOURCE OF DATA
Samples were run by Denise McDonald on October 12, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVEMTERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections4: MANUFACTURER: Chemfab Corp
5: PRODUCT UENTIFICATION Challenge 5100

6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20r mil
8: DESCRIPTION: Materi3l was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-256C ._.
4. COLLECTION MEDIURM Z____________________N______
S. COLLECTION SYSTEM:.
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. tCiALL•gE CDi~MlCPL 1 : 3OM9EVl? 3

1. CHEM NAME(s) : Ethyl ACaý.ate N/A : N/A
2. CAS NUMBER(s): 141-78-6 A N/A
3. CONC. (IF MIX) N/A N: I4A NA_-
4. CNHEXICAL SOURCE:F•her reagent Grade: N "

4. TEST RESULTS

1. DATE TESTED: June 30. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No Breakthrough was observed after 3.1 hours
4. MIN DETECTABLE LIMIT .49 ppm
5. STEADY STATE PERMEATIOT RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION

3.:: , :4. _ : :
35.

6. : _ _

7. : : :
8. : : :
9. _ _ _10. : _ _ _ _ _ __ _ _ _ _ _ _: _ _ _ _ _ __ _ _ _ _ __:_ _ _ _ _

8. OTHER OBSERVATIONS:

S. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 30, 1986.

~,an . t .n Wa.~n .~n r~ intan n. - - - - . tA Ar
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATIUN RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 066
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATiON: Challenge 5100.
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff, colored on We

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25°C
4. COLLECTION MEDIUM: Nq
5. COLLECTION SYSTEM: N i

6. OTHER CONDITIONS: inch cells were used. /Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CtALLEH&E DElICAL I : CapMEIT 2 3

1. CHEM NAME(s) : Ethyl Acrylate 1N/A
2. 'CAS WUMBER(s): 14o-a.-5 /A /A
3. CONC. (IF MIX)- N/A ": NA :-N/A
4. CHEMICAL SOURCE:Aldrich reagent :___A __N_ A

grade N/A: N/A
4. TEST RESULTS

1. DATE TESTED: MaX 27, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 17 hours.
4. MIN DETECTABLE LIMIT 1.72 pRm
5. STEADY STATE PERMEATION RATN N/A
6. SAMPLE THICKNESS: 18-20 rail.
7. SELECTED DATi. POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2. :
3.
4. :_: .__
5. .

6. __: :
7.
8.
9. ____: :
10. :_:_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 27, 1986

*i
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. CESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mril
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 ev lamp.
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature a 60C.
7. DEVIATIONS FROM AS7 F739 METHOD: F rate to cells was lO0cc/min.

3. CHALLE1M LtMILAL :1 t-42 t - 3

1. DIEM NAME(s) : Ethyl Alcohol H/A 1 /A
2. CAS NUMBER(s): 64-17-5 ''N A b/"
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE:Aldrictt reagertt : /A $//A

grade N/A : N/A
4. TEST RESULTS

1. DATE TESTED: June 20 1986
2. NUMBER Of SAMPLES TE5TLe: Three
3. BREAKTHROUGH TIME: No breakthro6.i was observed after three hours.
4. MIN DETECTAD'.E LIMIT 2.86 pm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA; POINTS N/A

TIME CONCENTRATION : CONCENTRATION : COWC.NTRATION
1.
2.
3.
4.
5. : ____
6. :____
7. _ _ _ _ _

8. : _:__
9.
10. :_:_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on June 20, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored. "

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous protoionization detection with a 11.7 eV lamp.
"3., TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 2 inch cells were used./ Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F139 METHOD: Flow rate to cells was luucc/mil.

3. CMALLENGE C.MIE?1CAL 1 : r8MMEXT 2 3

1. CHIEM NAME(s): Ethylamine . N/A : N/A
2. CAS NUMbER(s): 75-04-7 N/A : N/A
3. CONC. (IF MIX) 70% in water: : NIA'
4. CHEMICAL .SDLRI: A]4rizh ragent : N/A :_ N/A

grade : N/A N/A
4. TEST RESULTS

2. DATE TESTED: May 15, 1986
2. NUMBER OF SAMP'ES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.74 ppm.
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 17-19 mil__
7. SELECTED DATA POINTS N/A.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1. :_________________,_________________:________

2. ___ :__
3. : : :
4. : : :
5. : : .:,
6. : : :
7.
8. • :_: : --
9. : : :10. : :

8. OTHER OBSERVATIONS'

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 15, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Tefilon laminated Nomex
2: PROTEMTEVE rMTRIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: .CallengeI6: LOT OR MANUFACTURER DATE: N/A-
7: NOMINAL THICKN4ESS: 15-20 m-il-
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11./ aV lamp.
3. TEMPERATURE: 22-25Y€
4. COLLECTION MEDIUM: N7 "_... ._•_.. .. _,___,,
5. COLLECTION SYSTEM: N-2
6. OTHER CONnITIC 'S: 1 inch ces were used./ Detector Temperature a 60C.
7. ,.IIATIIONS F•A r ArT fI.39 PIETD: Flow rite to cells was .OOcclmin.

3. CHALLENG CHEMICAL 1 : CNPONENT 2 : 3

1. CHEM NAME(s)-.! EIt .miw1 /A
2. CAS NUMBER(s): 10 41-: N/A N/A
3. C . (IF MIX) N/A N/A N/A
4. CHEMICAL SOURCE:Aldrich reagent N/A N/A

grade :NA: N/A

4. TEST RESULTS

1. DATE TESTED: June 16, 1986
2. NUMBER OF SAMPLES TESTED: Three . . . .
3. BREAKTHROUGH TIME: No breakthrough was observed after'3 hours.
4. MIN DETECTABLE LIMIT.14 ppm
5. STEADY STATE PERMEATION RATE N/A ..-
6. SAMPLE THICKNESS: 19 mil
7. SELECTED DATA POINTS __ _

TIME CONCENTRATION : CO1CENTRATION : CONCENTRATION
1. :________ :__ _ _ _ _ _ _ _ _ _ _ _ :__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _

2..2. :__ _ _ _ _ _ __ _ _ _ _ _ _ _ :__ _ _ _ _ _ _ _ : _ _ _ _ _ _ _ _ _

3. - _ _ _ _ . ...

4. : : :
5.
6.:::

7. " _ _ _ : m __

8. :
9. '" _:: : .
10. :_:_ :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on June 16, 1986

C-13L-
, m U ~ w A u w -a "



0)

4)~

4)

T; r. 1,.,.
1 .7 L tt L

i.~rrrr
F 1 .'I*.tLL-

j. L!-

) -(35 L



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp
5: PRODUCT IDE&•TFXCATION: Challenge 5100
6- LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: i5-4.r mil
8: DESCRIPTION: Material %as orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, TX
2. ANAL YTICAL METHOD: Gas Chro-natography
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: -Charcoal
6. OTHER CONDITIONS: One inch cells were used.
7. DEVIATIONS FROM ASTM F739 METHOD:

3. tHLtNE EMHlCAL 1 - t 2 3

1. CWEM NAME(s) :. Ethylene Cyanohdrin :IA :a A
2. CAS NUMBER(s): 109-78-4 :" '_/A /A
3. CONC. (IF MIX) N'/A N/A
4. CHEM1CAL SOURCE:Aldrich reagent : /A 4

J RESULTS g N/A

1. DATE TESTED: October 9,1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.4 epm
5. STEADY STATE PERMEATION RATE
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS Cells 1.2. and 3 at end of three hour test.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours : <0.4 ppm : <0.4 ppm : <0.4 ppm
2. _ __:
3. : :_:
4. _ :__
5. : : _:
6.
7. : :_:
9.

10. :_: :

8. OTHER OBSERVATIONS: 3 hour samples were collected for 50 minutes fur a total -

volume of 10 liters.

5. SOURCE OF DATA
Samples were run by Denise McDonald cn October 9, 1986.
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CHEMIrAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT ZVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections"
4: MANUFACTURER: Chemfab Corp. iimi

5: PRODUCT IDENTIFICATION: Chal enge 6100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.1 eV lamp.
3. TEMPERATURE: 22-25T"
4. COLLECTION MEDIUM N?_
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used.[ Detector Teperature a 60C.
J.. QE4AT.I FROM AS!W=73 EThD:I'nF-w rate to cel I as lO0cc/min.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 3

UTM %W1(s) IL Etlemdn~diure :/A /
2. CAS NUMBER(s): 107-15-3 : N/A /A-.-3. CONC. (If MIX) N/A : Nh .. . . / __A

4. CHEMICAL SOURCE:Aldrich reagent : N/A _ N/Agrade .: N/A _.NA
4. TEST RESULTS

1. DATE TESTED: June 24, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.2 hours.
4. MIN DETECTABLE LIMIT 2.78 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :
2.
3 . '. .:::

4. : : :
5. : ___S~~6. :

7.
8. _ : , _.__
9.
10. : "_. __ _ _ ... .

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 24. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIriIOM OF PRODUCT EVALUA\TED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab torp.
5: PRODUCT IDENTIFICATION: Challenge b0T)
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20u il
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25*f
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N9
6. OTHER CONDITIONS: 1 inch cells were used.7 Detector Temperature - 60C.
7. DEVIATIONS FROM ASTN F739 METHOD: Floqw rate to cells was 100cc/min.

3. CHALLENGE CHEMICAL I : COMFONENT 2 3

1. CHEM NAf(s) : £ttiyline Glycol N/A N/A
2. CAS NUMBER(s): 107-o1-1 _ N/A /A
3. WoNC. (IF MIX) NA : : N/A
4. CHEMICAL SOURCE:Baker reagent grade : J/A:-. N/A

4. TEST RESULTS

1. DATE TESTED: June 17-18. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 16.8 hours
4. MIN DETECTABLE LIMIT f 6__
5. STEADY STATE PERMEATI INA N
6. SAMPLE THICKNESS: 19 mil
7. SELECTED DATA POINTS ______n

TIME . CONCENTRATION : CONCENTRATION : CONCENTRATION

2.

4.6. _ _ _ _ _ _ _ _: _ _ _ _ _ _ _ _ _ _ _ _ _: _ _ _ _ _ _ _ -:

6. : : :
7. : : _
8.
9.:::
10.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 17-18, 1986.
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CHL41CAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068 ___________________

3: CONDITICN BEFORE TEST: Unused, no visible imperfections
A! MANUFACTUR.ER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANVFACTURER DAT7E: N/A
7: NOMINAL THICIWESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TW1rERATUR.E: 22-25"C
4. COLLECTION MEDIUM: NZ
5. COLLECTION SYSTLN: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 100C.
7. DEVIATIONS FROM ASTI F739 METHOD: Flow rate to cells was 100 cc/min.

3. MIKIlzmam. n~1aL3 C CM?0MIq T 23

1. V= N£(as) : Ethyl Ether : N/A _ N/A
2. CAS lUIZER~s): 60-29-7 : N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich reagent : N/A : N/A

grade : N/A : N/A
4. TEST RESULTS

1. DATE TESTED: July 23, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHPROUGH TIME: No breakthrough was observed after 3.0 hours.
4. MIN DILECTABLE LIMIT .13 ppm

STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICICqESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION : CONCENTRATION : CONCENTRATION1. :__ __ _ _ _ _ _ _ _ _ _ _ _ _ _ -: : _ _ _ _ _ _ _ _ _ _ _

2. _ : :
3. : __:
4. : _ __ __ __:_

5. : •.

6. : :_:
7. : :__
8. : : :
9. :10. : _ _ __ _ __ _:__ _ :__ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 23, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION REC.)Rb

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION: BEFORE TEST: Unused, no visible imperfections
4: MANUFACTLRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge ýiUO
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 rail
8: DESCRIPTION: Material wias buff colored,

2. TEST METHOD

1. TESTING. LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV l"amp.
3.. TEMPERATURE: 22-25°C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: z inch celis were used. /Detector Temperature a b6C.
7. DEVIATIONS FROM ASTM F77 METHOD: Flow rate to cells was 1UOcc/min.

3. 04XLENM ONEHICAL .1 . COMPONENT 2 3

.I. 0 •J4 AE (s) : Formal dehyde N/A N/A
2. = IMR(s): U--U-U " N/A N/A
3. CONC. (IF MIX) 37-. in H?0 N/A N/A

.O-25Z CH 30H : N/A : N/A
4. CHEMICAL SOURCE:Fisher ACS reagent : N/A . ... _:_NA

grade : N/A: NA

4. TEST RESULTS

1. DATE TESTED: May 13, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough, was observec after 3 hours.
4. MIN DETECTABLE LIMIT N/A
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.2. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. _ ___3.: :
4.:::

5.6.
7. :
8.
9. :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on May 13, 1986
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CHDiICAL PROTECTIVE C.OTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfection.
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICINESS: 15-20 all
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. T.MPERATURE: 22-25CF
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature lOOC.
7.- ,VZ,.T-41.W ZZ ASI M , 739 -IMMD- Fiow rate cells was 100 cc/min.

3. CRALLENM CHEMICAL 1: COMPNENT 2 :3

1. 1AM.S(s) : TuTfuTal I. /A I /A
2. CAS NUMBER(s): 98-01-1 . N/A : N/A
3. CONC. (I1 MIX) l-NA : N/A N/A
4. CHEMICAL SOURCE:Aldrich reagent : N/A: N/A

grade : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: Augst 12. 1986
2. NUMBER OF SA.'LES TESTED: Three
3. BREAKTHROUGH TIME: Yo breakthrough was observed after 3.1 hours.
4. MIN DETECTABLE LIMIr•O8 Tpp
5. STEADY STATE PERIMATION RATE N/A
6. SAMPLE THICLNESS: 18-19 ail
7. SELECTED DATA POINTS N/A

TIM E CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :

2.
3.
4.
5.

6.
7. :
8. : :

9.
I C)

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on August 12, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIFTION OF PRODUCT EVALUATED

1 TYPE: Teflon laminated Nomex
2: PROTLEI Iw MAILKIAL IUUL: UbU
3: CONDITION BEFORE TEST: Unused. no visible Imperfections
4: MANUFACTURER: Chemfab Cor'..
5: PRODUCT IDENTIFICATION: Challenge 510u
6: LOT OR MANUFACTURER DATE: K/A
7: NOMINAL THICKNESS: 15-20 ml1
8: DESCRIPTION: Material was orange cO.orOd on one side and buff colore? on the

other side. '

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austinr TX
2. ANALYTICAL METHOD: Continuous photolo-nizatI°lon etection with a qU.-'. eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N~
5. COLLECTION SYSTEM: N2
6. OTHER CONUITIONS: I inch calls were used. [Detector Temerature *IOC.
7. DEVIATIONS FROM ASTM F739 M'ETHOD: N/A

3. DIILLEU .E24ENCAL : C&4PWWCT 23

1. CHEM NMAE(s) : Gasoline : N/A : ,N/. A
2. US "MR (s): N/A /AN/
3. CONC. (IF MIX) N/A _ '" N A N4A
* 4. CHEMICAL SOURCE:Texaco : A: N/A

4. TEST RESULTS

1. DATE TESTED: September 9. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observea after 14.9 hours.
4. MIN DETECTABLE LIMIT 1.65 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. -:::

2. _ :
3. _______4.

5 . _ :_: . .. .
6. _ :___:7. ::: ._
8. :

10. :____

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 9. 1986.

--- )Hc



101 d

-!TIT

.10'

or _ _ 
. ..

L
04.0 -

I

w~p M O

C ~~~- ~ '-LI..
Z. 7



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nonex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible iniperfectlions
4: MANUFACTLRER: Chemfab Cor.,
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: MIA
7: NOMINAL THICKNESS: 15-20ii -.

8: DESCRIPTION: Material was orange colored on one side and buff colored on the
other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Agstin, TX
2. ANAL YTICAL METHOD: Continuous ehotolonizatoon detection with a 1(.2 *V lamp.
3. TEMPERATURE: 22-25% '
4. COLLECTION MEDIUM: N "
.S. £.JCTI~D SYiST.EM..S. V0fT•.TD1• liTK: I 1Ich cSl 1s were used. Detector erature K.7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cel s was 1Occimin.

*3. V MRL AL COMPOMENT 2 3

1. CHEM NAME(s) : Gluteraldehtde t/A /_:_1_A'
2. CAS NUMBER(s): T1-3 "- /AA
3. CONC. (IF MIX)N/A N/A" N/A
4. CHEMICAL SOURCE:Aldrich , N/A

4. TEST RESULTS

1. DATE TESTED: September 19, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUJGH TIME: N/A
4. MIN DETECTABLE LIM T.43
5. STEADY STATE PERMEAT
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION CONCENTRA! O•N CONCENTRATION
1.

2.
3. _ : :.
4.:.

5.
6. -: :
7. _ _ _8.:::
9.:::

10. :_:_ :

8. OTHER OBSERVATIONS: ... . .... _ "_ _ _..... ...

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 19, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DAT :/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASW7 739 METHOD: Flow rate to cells was 100cc/min.

3. CHALL)ERGE CHEMICAL I CtDIM?4T 2 3

1. 0 UAMEWs) : Hexane . N/A N/A
2. CAS XUlER(s): 11O-54-3 :/A A
3. CONC. (IF MIX) N/A N A___________A
4. CHEMICAL SOURCE:Aldrich reagent : N/A t: 4/A

d ~grade- N/--A-' N:"/A"

A. TEST RESULTS

1. DATE TESTED: June 16-17, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BRE.AKTHROUGH TIME: No breakthrough was observed after 11 hours.
4. MIN DETECTABLE LIMIT .25
5. STEADY STATE PERMEATION RATE N/A
6. SA•PLE THICKNESS: 19 mil
7. SELECTED DATA POINTS Im__ _m ___I_ _

TIME : COrNENTRATION : CONCENTRATION : CONCENTRATION

3. . , :_____,_____:_____._

2. : _

6. '___ _ _ :_ __ _ _ _ _ __ _ _ _ _ :__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
5. OF T i .,

9.:::

i i

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 16-17, 1986.

(m5
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 1O.2eV lamp.
3. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: NK ,,
5. COLLECTION SYSTEM: N _
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature - 100C.'
7. ]XEVIATDIM WN A71% F739 R'EPO: fVi I ore to calis ias Uoc. . "-

,3. .'C4AL.EN2E MICAL 1 COMPONENT 2 : ,3

1. CMEt WAI(s) : Udrazine Hydrate : ?4A hNA
2. CAS NUMBER (s): : UZ1/52-4 NA
3. CONC. (IF MIX) N/A : : N/A
4. CHEMICAL SOURCE:Aldrich : N/A/A

4. TEST RESULTS

1. DATE TESTED: September 17. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIr =.DPB.L
5. STEADY STATE PERMEATIN R N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. :
3. :_: :
4. :_:_:
5. :_:_:
6.::

7. _____8.- ... : :_____________ :___________

9. ,
10.0 :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 17 , 1986

5-I 5
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACT AER: Chemfab Ror .
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A___--
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored or one side and buff colored on the

other side.

2. TEST METHOD-

1. -.TESTING LABORATORY: Texas Research Institute. v063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Colorimetric; Ferrithiocyanate method -_
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Aqueous

5. COLLECTION SYSTEM: Aqueous
,)OTJiER ,D•I•7IOS. 2 inch celis were used.

7. VX1XT1DO FROM AS F73 ETHOD: "_" _'_ _

3. DILLEW 0W%=AL 1 : COMPONENT 2 :3

1. CHEM NAME(s) : Hydro Peroxide : t/A : N/A
2. CAS NUMBER(s): l77l 22-4-W- 1:41 U/A
3. CONC. (IF MIX) 30% :/ NA -- N/A
4. CHEMICAL SOURCE:Centex : N/A

4. TEST RESULTS

1. DATE TESTED: October 10, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.6 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 13-20 mril
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
1. 3 Hours (0.6 ppm (0.6 ppm : <0.6 ppm

3. : :_:
4.
5. :
7. : : :

8. :_:_ :
9.:::
10.-::

8. OTHER OBSERVATIONS: A reagent blank and 0.6.1.5_3.0 and 6.0 ppm standards were
also run.

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 10, 1986.

i -(
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL LODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imecrfectTons -

4: MANUFACTURER: Chemfab Corp..
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N _A

7: NOMINAL THICKNESS: 15-20 r
8: DESCRIPTION: Material was orange colored on one side and buff colored-the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-250C
4. COLLECTICN MEDIUM: N-
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells war 100cc/min.

3. CHALLENGE CHEMICAL 1 COMPONEN(T 2 3

1.CE4WMW : IsogRU to 1 . '/A 1/A
2. CAS NUMBER(s): 7-63-0 /NA /A
3. WONC. (IF MLIX) N/A N /A
4. CHEMICAL SOURCE:Mallinckrodt "_• ___A :p egeant Grade :- , N/A :._ N/A

4. TEST RESULTS

1. DATE TESTED: June 23,1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 1.16_ _ _ _ _

5. STEADY STATE PERMEAT UN-KAIL-N/A
6. SAMPLE THICKNESS: 19mril.
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1.:::
2.
3. : _:__

6. :__ _ _ _ _ _ __ _ _ _ _ _ _ _ : __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _
6. : : :
7.:::
8. :::
9. :::_

10. 0

S. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper oi June 23. 1986.

c'-15
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CMLiI1CAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. .ESCRIFION OF PRODUCT EVALUATED

1: TPE: Teflon laminated 1Noaex

2: PRCTECTI,'E MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUTi.CTtUER: Cheafab Corp.-
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANVTACTURER DATE: N/A
7: NOMINAL TEICRWESS: 15-20 oil
8: DESCRIPTION: Material was orange colored on one sldn and buff colored on the

other side.

2. TEST METH'OD

1. TESTING LABOR.ATORY: leaas Research Taesisute, 9063 &ee Caves Road, Austin, TZ
2. ANALYTICAL METHOD: Continaous photolonization daeectlon ulth 11.70 -v lnp_
3. TDWERATURE: 22-25C ... .
A. COLLECTION MEDIUM: N7

2. 40 AJ" =63=. M..
4. R W ORS 2 J ch €.S1su yere uzed/t...F,*n. -rmom m=.. =or--
7. •VTTZIONS FROM A.. 739 METH0D: Flow rate to cells vaks 00cc/sin

ViMO IinU C. 1 2, CGOUEUT 2

1 • I11SAM (i) i Ewuv Ilsn" : */A a _ /A
2.CSNUMER(I): 75-31-0 N/A : NA

3. COc. (IF MIX) N/A :N/A N/A
A. CHEICAL SOURCE:Aldrich reagent : N/A : N/A

grade :_ N/A N/A
A. TEST RESULTS

1. DATE TESTED: May 20, 1986
"NUMBER OF SANPLES TESTED: Three
BREAKTHROUGE TIME: No break:hrough woo observ*4 after 3 hours

4. MIN DETECTABLE LI) 1-57 g - --
S. STEADY STATE PERMEA•ION RAT• N/A
6. SAMPLE TRICX*ESS: 17-19 mil1
7. SELECTED DATA POIN-Ts N/A n

TIME : CONCENTLATION : CONCZNTILKM )N : CONCENTATION1. __ _ _ _ : : __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2.:3. :
.-- -................ : -.

4...
5.
7. :_____ :__ _ _ :

6. __ _ _ _ __ __ _ _ _ _ _ __ _ _ _ _ _

9 . , i _ _ __ _ _i__ __ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _6.:
7u.

10.•":

8. OTHERO•SERVKTIONS:

"• 5. SOURCE OF DATA

Samlea veer rtun by Sylvia Cooper on Nay 20, 1986

L -t~"
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon "aminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible itperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION. C allenge 5100
6: LOT OR MANUFACTURER DATEF N/A_.
7: NOMINAL THICKNESS: 15-2 mil
8: DESCRIPTION1: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
:'. ANALYTICAL METHOD: Continuous photolonization detection with'a IO.Z0 eV lamp.

3. TEMPERATURE. 22-25-C
4. COLLECTION MEDIUM: N7 -_ _ _._ _-- _ _

5. COLLECTION SYSTEM: N_
6. OTHER CONDITIOHS: I Inch cells re usecd Detector Tenperature a 100C.
7. DEVIATIONS FROM ASTM'F739 METHOD:.'

3. thALnGEtW4tNICAL I : tPDMW0ERT 2

2. am aAC(s) : %Al60110" N/A . /A
2. WAS wirv(s): N/A
3. CONC. (IF MIX) 5 N N
4. CHEMICAL SOURCE:Black leaf products- : NA

4. TEST RESULTS

1. DATE TESTED: September 5. 1986
2. NUMBER OF SAMPLES TESTED: Three.
3. BREAKTHROUGH TIME: No breakthrough wos observed after :.16 hours,
4. MIN DETECTABLE LIMIT l.U3 m
5. STEADY STATE PERMEATINRAtE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED [ATA POINTS ILA

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1. :
2. : : :
3.
4. _ _ , _ _. ... .5. :______ ___________:_____________________
6. _ _ _
7. _ : :

-=8. __ _ _ _ _ __ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

9. :_:_:
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on September 5. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: C -li nge 5100
f: LOT OR MANUFACTURER DATI: N4A
7: NOMINAL THICKNESS: 15-20 ml
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Roads Austin. TX
2. ANALYTICAL METHOD: Continuous ,hotolonizatloti detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25T.
4. COLLECTION MEDIUM: N•
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 Inch cells were used. /Detector Temperature 100C.
7. DEVIATIONS FROM AST F739 METHOD: N/A.

3. tMALLEAQ XNJUdhL 1 C CPONENT 2 : 3

.1. CHEM NAME(s) : Methyl Acrylate _:A: N/A
2. 1AS XM (s): 96-33-3 /A N/A
3. itC. (CIF IX) N/A/A
4. CHEMICAL SOURCE:Aldrich reagent NA

grade 
4A

4. TEST RESULTS

1. DATE TESTED: August 14, 1986
2. NUMBER OF SAMPLES TESTEU: Thhr'eco posite) " s hot)
3. BREAKTHROUGH TIME: No breakthrough was observed after 37 ours.
4. MIN DETECTABLE LIMIT 0.48
5. STEADY STATE PERMEAT N
6. SAMPLE THICKNESS: 18-19 m -il
7. SELECTED DATA POINTS NI'A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. _ _ :2. . : ..
3.
4.TA At 1

6. _ : _7.:::
8.::
9.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
S ampl es were run by Sylvia Cooper on August 14, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE'TERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTLRER: Chemfab Corp.
5: PRODUCT IDENTICATION:, Challenge 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNES5: 15-20 mll
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Pesearch Institute, 90.3 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25¶C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N,7
6. OTHER CCNLITIONS: I inch cells were used./ Detector Temperature a 60C.
7. F0IAUO6 f2W ASIW. : ow rate to the cis £ ircclin

CHN I ENSCE OtEMIAL 1 COMPONENT2 3

1. 00 IRWE(S : . .yj3l.zoN
2. CAS KMBER(s): 5/N/A
3. rDNC. (IF MIX) lN/A fl /A : N/A
4. CHEMICAL SOURCE:Mallinckro: N/A : _NA

Reagent Grade N/A
4. TEST RESULTS

1. DATE TESTED: June 19-20, 1986
2. NUMBER OF SAMPLESTESTED_ Three
3. BREAKTHROUGH TIME: No breakthroCkgh was observed after 14.2 hours.
4. MIN DETECTABLE LIMIT__4._7_ _

5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil,
7. SELECTED DATA POINT_ N/A,_,_.

TIME : CONCENTRAT ION : CONCENTRATION CONCENTRATION
1. : :2.

3. :
4. __ _ __ _ __ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _

5. _ : _
6. : : :
7. : _ _

9. : :_ :
10. :_:_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on June 19-20, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PROLIUCT EVALUATED

1: TYPE: Teflon 1am~nated Nomex
2: PROTECTIVL WLKIK. COUE: 068
3: CONDITION BEFORE TEST: Unuse-dno visible imperfections
4'- MANUFACTURER: Chcinfab to_________________________
5: PRODUCT IDENTTFTATTON: C ~alenge 5100
6: LOT OR MANUFACTUkER DAT : MIA
7: NOMNAL. THICKNESS: 15-20 1~
8: DESCRIPTION: Material was' ',jiff colored.

2. TEST METHOD

1,. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin.. TX
2. ANALYTICAL METHOD: Contnuous 64tVnzto eetonwt iic a
3. TEMPERATURE: 22-25*f htwnzto eeto jýa1. vjm.

4. COLLECTION MDU: N
5. COLLECTION SYSTEM: N
6. OTHER CONDITIONS: Zinch cel was used7.5~etector Temnperature 60C.
7. KUVATIDM VRM MM1 V739 VIETtiD: VFlcM rate ito cc is was cc w-iL.

3. CNAI I .EN CEH~9EAL C1: OMPONENT 2:3

I CHEM RAVIEs) : Watt lam ~Ctiloride : ?/A -/~IA

S CAS NUMBER(s): 750-2 ______ N/A : /A
3. CONC. (IF MIX) N/A NA N/
4. CHEMICAL SOURCE:Fisher Pesticide . JA~ Z : /

Grade N/A
4. TEST RESULTS

1. DATE TESTED: April 21-22. 1986
2. NUMBER OF SAMPES TESTED: One (Run 1)
3. BREAKTHROUGH TIME: 46.8 min
4. MIN DETECTABLE LIMIT 0.27 ppm_______

5. STEADY STATE PERMEATION RATE 1.37ug/Ein' hour
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS______________________________

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.

4.

6.

7. --

8.
9. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

10.

8. OTHER OBSERVATIONS: -________________________; S. SOURCE OF DATA
Sample was run byKaren Verschoor on April 21-22. 1986._____

C-2
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1• TYPE: Teflon laminated Nomex

2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: C halenge 5100
6: LOT OR MANUFACTURER DATE: N/A ....
7: NOMINAL THICKNESS: 15-20 Mr1
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves. Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25T'
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2"
6. OTHER CONDITIONS: Z inch cell was used./ Detector Temperature 60C.
1. SEUATOIS ffM AS4 fIJ9 NE D: fta rate to cell was AOcc/Min.

3. £LHJ.JENG.• £ERICAL : COMPONENT 2 3

1. CM WK (S) : !etlene t;blorde /tlA :•
2. CAS NUMBER(s): lb-9- Z: N/A
3. CONC. (IF MIX) W /A N/A
4. CHEMICAL SOURCE:Fisher Pesticide N/A N4AGrade ,._____.__N/

4. TEST RESULTS

1. DATE TESTED: April 22, 1986
2. NUMBER OF SAMPLES TESTED: One (Run II )
3. BREAKTHROUGH TIME: 50.4 mn.
4. MIN DETECTABLE LIMIT 0.13 pm.
5. STEADY STATE PERMEATIONRWE .964 ug/cmg hour
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINrT- .. ..

TIME : CONCENTRATION : CrICENTRATION : CONCENTRATION
1. . .

2.

3.
4.
5. ____:
6. _ ___
7. -: : :8. __ _ _ _ _ :__ _ _ _ __ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _

9.

10. .

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Karen Verschoor on April 22, 1986.

_4 C-;L 1
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTE~iTVF'-MATERIAL CODE: 0683: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRO;.T IDENTIFICATION: Challenge 5O.
6: LOT OR MANUFACTURER DATE: NZ!
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photo!onization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: N .
6. OTHER CONDITIONS: Z Inch cell was used./ Detector Temperature 60C.
.7. .DEVIATID•QS FROM ASTM F739 METHOD: Flow rite to cell was 90cc/min.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. 00 NAK(s) : Ineth 1ene Chloride : H/ 1/A
2. CAS NUMBER(s): l- _- /A N -3. CW.(IF MIX) "/ AJ
4. CHEMICAL SOURCE:Fisher Pesticide :4A N4A

grade N/A N/A
4. TEST RESULTS

1. DATE TESTED: April 22-23, 1986
2. NUMBER OF SAMPLES TESTED: One (Run'III)
3. BREAKTHROUGH TIME: 55.2 mrn
4. MIN DETECTABLE LIMIT 0.17 .
5. STEADY STATE PERMEAT our
6. SAMPLE THICKNESS: 17-19 mril
7. SELECTED DATA POINTS ......

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.1 _____________________ __________ i___________

2 Z ._____ •_________"___ . ...______ _____ ____

3. :
4. :__
"5. _
6.: 6.m,___ _ _l,__ _ __ _ __ __ _ _i___ _ _m___ _ •__ __ _ _ _ _ _

7.
B. a_ _

9.
S* a10. ______

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Karen Verschoor on April 22-23.3 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATIOPK RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE 4ATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperlections
4: MANUFACTURER: Chemfab Coro.
5: PRODUCT IDENTFT7111UN": Cihallenge 5100
6: LOT OR MANUFACTURER DATE- IA.
7: NOMINAL THICKNESS: 15-20 mil
0: DESCRIPTION: Material was orange colored on one side and buff colored on the"

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin TX
2. ANALYTICAL METHOD: Conti nuous photolonizatlon detection, wir.h a 11.7 eV t ,p.
3. TEMPERATURE: 72-25i - "_.-
4. COLLECTION MEDTUM: N? -

5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: I inch cells were -se./ Detector Teerature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow ate to cells was 1OOcc/min.

3. CHALLENGE CHEMICAL 1 : tCOPOWtENT 2 : 3

2. CAS NUMBER(s): 73-93-3 A /A
3. ZDC. (IF MIX) NN/A
4. CHEMICAL SOURCE:Baker reagent grade :.N/A : N/A

4. TES', RESULTS

1. DATE TESTED: June 18. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.55p m___
5. STEADY STATE PERMEATIN RAT-N/A
6. SAMPLE THICKNESS: 17-19 mil.
7. SELECTED DATA POINTS NA.

T IME : CONCENTRATION CONCENTRATION : CONCENTRATION
2.

3.
4. : : :3. SOURCE OF D-TA

S ___ __ es__ wer run_____viaC _______on_- ___18__19B6

6. _ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ __ _ _ _ _ _ _ _ _

7. _________: : -:
10. : : .

8. OTHER O]BSERVATIONS: ____________________________

5. SOURCE OF DATA
•Samples were run bySylvia Cooper on June 18. 1.986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1 .DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068.
3: CONDITIOK BEFORE TEST: Unused, no visible Imperfections
4: M•NUFACTURER: Chemfab Corp.
S: PRODUCT IDENTIFICATION: Challenge 67.O
6- LOT OR MANUFACTURER DATE: N A
7: NOMINAL THICKN•SS: 15-20 mil
8: DESCRIPTION: Material was orange colo1red an one side and buff colorea on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonlzation detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-2ST _
4. COLLECTION ME nrUM N --
S. COLLECTION SYSTEM: NII
6. OTHER CONDITIONS: I in.;- W11s were used./ Detector Toverature a 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was lDOcc/min.

C. VHALLENGE CHITENCAL I : mpEI1NT2 : 3

1. CHME NAMEWs :Methgl Isobutyl Ketone N/A/
2. CAS NUMBER(s): 10o-10-1 _____/A_"

3. CONC. (IF MIX) N/A : N/A
4. tHDICAL 3SORC,:Adrich t4: 4A " 1A

Reagent Grade : N/A
4. TEST RESULTS

1. DATE TESTED: June 19. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 3.98 pp'
5. STEADY STATE PERMEAT
6. SAMPLE THICKNESS: 17-19 m11
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1. _ _ -
2. _

3. _ _ _ _

4. : : _

7. _ _ _ _ _ _ _: :__ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9.

10. :_._:_._ _._:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on June 19, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT LVALUATED

1: TYPF- T-lon lamirated Non-ex
c: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible orfection
4: MANUFACTURER: Chemfab CoR.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: MaterTal was orange colored on one side and buff colored on the

other side. ,_"__--

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL .WTHOD: Continuous photolonization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25...
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N? "_,_.....__
6. OTHER CONDITIONS: I inch cel s were used./ Detector i emperature - 60C.
7. DEV.ATIOZ EFR TM FilSg XETNWS- Fk rATjS I I was AlS cclmin.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 - 3

1. CHEM E AE(s : Vthzl l tThac e : ha : N A
2. CAS NL4BE'Is): 8-6-,,:6 /A
3. CONC. (If IX) N/A /A
4. CHEMICAL SOURCE:Aldrich reagent N!.ANgrade : N/: "7A

4. TEST RESULTS

1. DATE TESTED: June 25, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.1 hours.
4. MIN DETECTABLE LIMIT .19 =_ _

5. STLADY STATE PERMEAT R
6. SAMPLE THICKNESS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : : :
2. : _ :

8.OHROSRAIN: ______________________

5.SORC OF:T:

6. ": -
7.

Samples were run by Sylvia Cooper on June 25. 1986L9... t f Lt % rt 4 L t :- - - - - - - - --- ----: I J
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CHEMICAL PROTECTIVE CLOTHING PRODUC.T EVALUATION RECORD

1. DESCRIP1tION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Noinex

2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused,--no, visible imperfections
4: MANUFACTURER: Chernfab Corp.

5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANIUFACTURER DATE-: N/A

7: NOMINAL THICKNESS: ib-ZO -mu"
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.-

2. TEST METHOQI

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX

2. ANALYT ICAL METHOD: Continuous photoionization detection wit-h a10.2 eV lamp.
3. TEMPERATURE: 22-250C
4. C-01-u-CTION MEDIUM: Nq -________

5. COLLECTION SYSTEM: N~
6. OTHER CONDITIONS. I inch cels, were used.1 Detector Tempierature a 60C.
7. DEVIA'T10Y FRO ~M F739 19ETHOD: f I v rutt Ito cels I as IOU cc/ui n.

3. CHALLENGE CHLMICAL I LOWNEXT 2 3

1. CHEM NA1ME(s) : Methyl Parathion N/A /
2. CAS NUMBER(s): MIA - /A 1A________
3. CONC. (IF MIX) 44.0 N/A- N/A
4. CHEMICAL SOURCE:Agricultur&l Supply :N/A- --. - N/A

4. TEST RESULTS _______________________________________

1. DATE TESTED: Seetember 18, 1986
2. NUMBER OF SAMPLES TESTED: Three

3. BREAKTHROUGH TIME: /A_______________________
j4. MIN DETECTABLE LIMITI pm

5. STEADY STATE PERMEATION RAEN/
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POITSN/

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. __ _ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. _ _ __ ____

8. OTHER OBSERVATIONS: ____________________________

5. SOURCE OF DATA
_j~npl as were run by Denise McDonald-on September 18, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections -

4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING" LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous Photolonization detection with a 10.20 ev lamp
3. TEMPERATURE: 22-25*C_
4. COLLECTION MEDIUM•'T W,
5. COLLECTION SYSTEM: 'N
6. OTHER C.ONDITIONS: 1 inch cells were used. Detector Temp erature . 100CM
7. DEVIATIONS FROM ASTM F739 MHETHO: l1ow-rate to cells was IL0 cc mmn.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 :3
1. CEM NAME(s) : Naled ..... :A

CAS NUMBER(s): N/A : NAA
3. COAC. (IF NIX) N/A _ _ : N/A - /A
4. CHEMICAL SOURCE:Urtho .- N/A

4. TEST RESULTS

1. DATE TESTED: October 10. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.46 hours.
4. MIN DETECTABLE LIMIT N/A
5. STEADY STATE PERMEA TION RATE NIA
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

4.
5. :
6. :
7. .
8.

9. ': : "______________"___

10.0_ _ _ _ __ _ _ _ _

8. OTHER OBSERVATIONS:

S. SOURCE OF "".TA
S ,Amples were run by Denise Mc~onald on October 10, 1986.

C100
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPT6ON OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL THICKNESS: 15-20 mi-
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING- LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 1O.ZO eV lamp.
3." TEMPERATURE: 22-25C*
4. COLLECTION MEDIUM: N"
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: 2 Inch cells were used. /Detector Temperature = 100C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL 1 : tDMqNENT 2 3

1. CHEM NAMEWs) ____ ___ __: /A N/A
2. CAS NUMBER(s): 6032-32-4 /A /A
3. CONC. (IF MIX) N/A : N/A
4. CHEMICAL SOURCE:Aldrlch reagent - N/A NA

grade N/A
4. TEST RESULTS

1. DATE TESTED: September 24, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.46 hours.
4. MIN DETECTABLE LIMIT 4.55 im
5. STEADY STATE PERMEAT N
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :2. _ _ _ _ _ _:__ _ _ _ __ _ _ _ _:__ _ _ _ _ __ _ _ _ __ _ _ _ _

3. : : _

9. : __ __ __ __ __ _

10.
6. : - :7.:::
8.:::
9.
10..: ... :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 24. 1986

C-I22



0 U3

00 c C

4-.0

CL5
im f..

some

A~ajdal~~lmw lmLA~tAA A-MýA A M.A



CHEMICAL PROTECTIVE CLO"',ING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRUDUCT EVALUATED

1: T -E: Teflon laminated Nomex
2: PROTECIVE MAITERIAL CODE: 0b8
3: CONDITION BEFORE TEST: Unused, no visible imperf :ctions
4: MANUFACTURER: Chemfab Corp. -

5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A.
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Restarch Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: __N__
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature - 100C.
7. DEVIATIONS FROM ASTM F73 TU9-WTH: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL 1 : COMONENT 2 : 3

1. CHEM NAME(s) :' Napthalee :/A : N/A2. CAS NUMBER(s): 91-20-3 :/A• N/_

3. CONC. (IF MIX) N/A "" :- -A:" N/A
4. CHEMICAL SOURCE:Aldrich reagen', : N/Agradle : NT • - N/A

4. TEST RESULTS

1. DATE TESTED: September 8. 1986
2. NUMBER OF SANP-LES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 13.2 hours.
4. MIN DETECTABLE LIMIT .01 p m as Benzene
5. STEADY STATE PERMEATTUW-r EN
6. SAMPLE THICKNESS. 19-20 mil
7. SELECTED DATA POINTS N/A _

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1. : :
2. :
3.:::

4.

7. ___

9. :
10. ____

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 8, 1986.

C-
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomexn
2: PROTECTIVE MATERIAL CODE: 061r
3: CONDITION BEFORE TEST: Unused. no visible impeRfect ons
4: MANUFACTURER: Chemfab torp.-
5: PRODUCT iDENTTFICATION: ch aliqnqe 5100
6: LOT OK MANUFACTURER DATE: NIAJ
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION4: Material was orange colored on one side and buff cotored onthe

other side.

2. TEST METHOD

I.' TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Ion Chromatography- on Diunex 2000.~
3. TEMPERATURE: Aznbienf'
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Auous
6& OTHIER ZONDITLOAS.- 2nch cells were used.
7. DEVIAT10?NS TRW ASIR F739 WTiiOD:____________

3. CHIALLENGE CHEMICAL I : £OMJUNT 2 3

1. CHEM NAME(s) : Nitric Acid : /A U/A
2. CAS NUMBER(s): 7T07-37-Z N/A_--mm: _

3. CONC. (IF MIX) 70% A N4/A
4. CHEMICAL SOURCE: Mallinckrodt :N/A :N/A

4. TEST RESULTS

1. DATE TESTED: Se!p berl11 1986.
2. NUMBER OF SAMPLES TESTED: [hree
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.Z ____________

5. STEADY STATE PERMEATIO N/
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS cell 1.2. and 3 at end of 3 hour test

T IME : CONCENTRATION : COICFNTRATION : CONCENTRATION
1. 3 hours :<0.2 ppm ( 0.2 ppm 4 0.2 ppm

4.

7..
8. -:_ _ _ _ _ _ _ _ _ _

10.

8. OTHER OBSERVATIONS: Retention time for lOppm Nitrate calibration standard was
4.16 minutes

5. SOURCE OF DATA
Samples were run ky Denise McDonald on September 11. 1986.--
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nonex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100 __.
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20 miT
8: DESCRIPTION: Material was buff colored

2. TEST IETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25r'"
4. COLLECTION MEDIUM: N. .
5. COLLECTION SYSTEM: N2 z
6. OTHER CONDITIONS: Z inch cells were used*I Detector T erature a 60C.
7. DEVIAT.DNS FP.34 ASTN FJ79 1jTI FD. robe to ccii sws 90 cc/min.

•3. CHALLENGE CHEMICAL 1 : .NPDONENT 2 : 3

I. CHEM NAI((s) -: Nit. eyogw / A
2. CAS NUMBER(s): 98-95-3 :•:iN/A
3. tO1C. (IF MIX) /A_
4. CHEMICAL SOURCE:Mallinckrodt , A: N

reagent grade N/A N/A
4. TEST RESULTS

1. DATE TESTED: April 9. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT
5. STEADY STATE PERMEATION RATE
6. SAMPLE THICKNESS: 17-19 ail
7. SELECTED DATA POINT1 N/A

TIME CONCENTRATION CONCENTRATION CONCENTRATION
1. :

3. :
4. _ _5. __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6. : :
7. "
8. : :90. :__ _ _ _ __ _ _ _ _ _:__ _ _ _ :__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

8. OTHER OBSERVAT IONS:

S5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 9. 1986.

¢-I
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CHEM•iCAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068 ..... ..
3: CONDITION BEFORE TEST: Unused,. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 51OU
6: LOT OR MANUFACTURER DATt.: 1NLA
7: NOMINAL THICKNESS: 15-O" mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Coves Road. Austin, TX
2. ANALYTICAL METHOD: C-on-tinou ihtonization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25¶..
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N,
6. OTHER CONDITIONS: I inch cells were used./*etector Temperature a 60C.
7. DEVIATIONS FROM ASTh F739 MTHO:' Flow rate to cells was 100 cc/min.

3. DW.LENGE CHEMCAL 1 : SPOET 3

1. CEEM NAJE(s) : 2-Nitropropane N/A /
2. CAS lIMBER(s):' 19-46.-9 /A_____
3. CONC. (IF NIX) A N/A 4 A N/A
4. CH4D4ICAL $OLRCE:Kpdak reagent grode N/A ' -

4. TEST RESULTS

1. DATE TESTED: July 8. 1986
2. NUMBER OF SAMPLES TESlED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .59 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 mil
7. SELEC'ED DATA POI N/A "

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :
2.
3.
4.5. "_ __ __ _- :
6 . : ... . . _ _ _._ . :
7. _ _ _ _ _ _ _ _ _ __ _ _ _

9. : : :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 8, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 51oo
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNlESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Ion Chromatigraphy on Dionex 2000.
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: 2 inch cells were used.
7. DEVIATIONS FROM AS1N `F7J9IiD: ... .

3. CHALLENGE CHEMICAL I : WMANP11ENT 2 3

1. CHEM! NAE(s) : 01 eum ._ /A :/A
2. CAS NUMBER(s): 8014-95-7 N/A N/A
3. CONC. (IF MIX) 20% S01 : N/A N/A
4. CHEMICAL SOURCE: Fisher : N/A -N'/A

4. TEST RESULTS

1. DATE TESTED: September 22. 1986.
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours
4. MIN DETECTABLE LIMIT 0.2 oin
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS cell 1.Z2. and 3 at end of 3 hour test

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1. 3 hours : <0.2 ppm : <0.2 ppm : <0.2ppm
2. :_:_:
3. :_:_:
4.
5.6. :___________:___________ :i _________

7. .

8. : : :
9.
1 0 . " : : :

8. OTHER OBSERVATIONS: Retention time for l0ppm sulfate calibration standard was
8.35 minutes.

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 22., 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
"2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 1id.Z eV lamp.
3. TEMPERATURE: 22-25T -
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N?7
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 100C.
;. -DIEVATIDNS RFAM owS4 F I,19•rate to C.eiis sas 200cc/min,

.3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. V"I4 NAME(s) : Parat1hiin /A
2. CAS NUMBER(s): N/A /A /A
3. WOtC. (IF 14IX) 45.%7' N'A :_N/A
4. CHEMICAL SOURCE:Agricultural Supply : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: September 18, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .09 epm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1, : __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _

2. : __ _ _ _ __ _ _ __ _ _ _ __ _ _ _

4.
5.
6. : : :
7. : :__
8. _ _ _ _ _ _ __ _ _ _ _ _ _ _

10.

8. OTHER OBSERVATiONS: ____________________________

S SOURCE OF DATA
Samples were run by Denise McDonald on September 18, 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible lmperfectiors
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE:_N/A
7: NOMINAL THICKNESS: 15-20 mi - -

8: DESCRIPTION: Material was orange colored on one side and buff colored on the
other side. -

2. TEST METHOD

1. TESTING LABCRATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25*C ._ _______ __ _

4. COLLECTION ME.UM: ?...
5. COLLECTION SYSTEM: N-
6. OTHER CONDITIONS: 2 inch coels were u'sed.FDetector Temperature - OOC.
7. JIEVIATID4S FRD4 ASTn j-i.9 M ow rate Ucel Is were cc mcn.

3. CHALLENGE CHEMICAL 1 : IOMPONENT 2 : 3

1. LYIEM WAPE(s): WCBs /A /iA
2. CAS NUMBER(s): N/A "__" _ _A '_:_N/A
3. CONC. (If 'MIX) 14/A N/A :"1/A
4. CHEMICAL SOURCE:Laboratory : N/A N/A

4. TEST RESULTS

1. DATE TESTED: September 25, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT -UZ as Benzene
5. STEADY STATE PERMEATION RATE NIA
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS NiA

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION1. _________ :__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _

2.
3 . : : ," ... .
4. : : :5. -_ _ __ _ _ __ __ _.___ __ _._

6. :_:_:
7. :__ : ....

9.
10. : ' "

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 25. 1986.o
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 06d
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: NA_"
7: NOMINAL THICKNESS: 15-20"i'

8: DESCRIPTION: Material was buff colored

2. TEST METHOD-

1. - TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous prohoioonization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25*C-
4. COLLECTION MEfI UM: N.
5. COLLECTION SYSTEM: N2
6. OTHER CDADITONS. 2 nch .eli were Zjsed•,/ •eector TemperAture a 60C.
7. ZVrATIDS FROM 9 T IS i1D: flw rae to cells was 90 cctin•n

3. COALLEE cHEOMXAL .1 : JAID T 2 .3

1. CHEM NAME(s) : Phenol : 4/A N/A
2. CAS " BER(s): 1O8-95-Z : Ni/A / ,i/A
3. CONC. (IF MIX) "!!%: N/A N
4. CHEMICAL SOURCE: Mallinckroat :NA N/A

reage;tt grade :N/A -

4. TEST RESULTS

1. DATE TESTED: April 8, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.03 ppm
5. STEADY STATE PERMEATION AE N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS NiA

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
10.

8. OTHER BSERVTIONS

3. SOURCE OFDATA

5:14 Samples wrrubyKenoonAprl-: 19

10.
8. OTHER OBSERVATIONS: ___________________________

5. SOURCE OF DATA
Samples were run b•, Karen Verschoor on Ap~ril 8. 1986

'a d: 14
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTMVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible impeRfections
4: MANUFACTURER: Chemfab Crp""
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20 ml-
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD.

1.. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Ion Chromatography, on Dionex 2000.
3. TEMPERATURE: Ambient
4. COLLEC' 'ON MEDIUM: Aqueous .... _.. ....
5. COLLECi JON SYSTEM: Aqueous
6. OTHER CONDITIONS: 2 inch cells were used.
7. EYIATIDW FROAM f739 ft1u:

3. CHALLENGE CHEMICAL I COMPONENT 2 3

1. CHEM NAME(s) : Phosphoric Acid N/A : N/A
2. CAS UMBER(s): 7664-38-2 :" NA : N/A
3 CONC. (IF MIX) 85% : N/A : N/A
4. CHEMICAL SOURCE: Allied Chemical : N/A N/A

4. TEST RESULTS

1. DATE TESTED: September 29, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.5 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil.
7. SELECTED DATA POINTS Cell 1.2, and 3 at end of three hour test

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1. 3 hours : <0.5 ppm : <0.5 ppm <0.5 ppm
2."

3.
4.

7.

8. OTHER OBSERVATIONS: Retention time for _ppm phosphate calibration, standard was

6.88 minutes.

5. SOURCE OF DATA
Samples were run by Denise McDonald September 29. 1986.
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CHEMICAL PRO'iECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon lamil' ted Nomex
2: PROTECTTV MAT, L CODE: 068
3: CONDITION BEFORE TEST: Unused. no visit'le impefectians
4: MANUFACTURER: Chemfab corp.
S: DRODUCT IDENTIFICATION:' Ghallenge 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. -ANALYTICAL METHOD: Ion Chromatography on Dionex Z0O0.
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: Z--inch cells were used.
7. DEVIATIOAS FROM ASTl4 Fl.39 XEI~AOD __ ___i•._,,

3. CHALLENGE CHEMICAL " COMPONENT 2 3

1. CHEMNAE (s) : Pos___o__ -h_""_,
ride /A N/A

S2. CAS WUMBER(s): I005-B7-3 :/A N :A "
3. CONC. (IF MIX) 99% :-" N A/A
4. CHEMICAL SOURCE:AIrich N _"NA : N/A

4. TEST RESULTS

1. DATE TESTED: October 7, 1986
2. NUMBER OF SAMLE TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough observed after 3 hours.
4. MIN DETECTABLE LIMIT .5 p .
5. STEADY STATE PERMEATIOJNWPfTE .N/A
6. SAMPLE THICKNESS: 19-20 fil s
7. SELECTED DATA POIN e'ls 1.2. and 3 after lS minutes and at end of 3 hour test.

TIME : COICE.NTKATION : CONCENTRATION : CONCENTRATION
1. 15 minutes: .5" ppm.(.204) : 0.5 ppm (.516): <D.5 pPm (.217)
2. 3 hours : W ,5ppL (.Z78* : O.b ppm (*4Z4): ' <0.5 ppm .1//)
3 . __-- -- ' _ " _ _ _:_-_-_ _- '
4. :

5 --__ __ _ _ m ,,=__ ____nm___ ____

6. _ _ _ _ _ __ i ___ ii__ ___ _i _ ___

7.
8. ___
9.9. -,, ________:________________________________

10.

8. OTHER OBSERVATIONS: Retention time for Phophorous Oxychloride standard was 2.03
minutes. Fifteen minute samples were run to establish chloride background
levels within each cell.

5. SOURCE OF DATA
Samples were r :n by Denise McDonald on October 7. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

D1. ESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CUDE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Ctrp.
5: PRODUCT IDENTIFICATION: C allenge 5100
6: LOT OR iANUFACTURER DATE: IA'
7: NOMINA THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored c,n the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, YX
2.- ANALYTICAL METHOD: Ion Chromatography on Dionex ZO00.
3. TEMPERATURE: Ambient
4. COLLECTION MEDTIU: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: 2 inch cells were used.
. DEVIATIONS FROM ASTM F739 METHOD: us

3. CHALLENGE CHEMICAL 1: COMPONENT 2 : 3
Z!

1. CHEIM WIAE(s) : Phosphorous Trichle-: 114A ! /A
rice N/A

2. CAS 1NUMBER(s): 1119-1Z-2 :_____:--_---__/A
3. CONC. (IF MIX) /A : N/AN
4. CHEMICAL SOURCE:Aldrich :N/

4. TEST RESULTS

1. DATE TESTED: September 30, 1986.
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT Q.5 "p"
5. STEADY STATE PERMEAT N
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS Cell 1.2. and 3 at end of three hour test.

T IE : CONCENTRATION • CONCENTRATION : CONCENTRATION
1. 3 hours : <0.2 ppm : <0.2 ppm m: .2 ppm
2.
3. :"

4. : :
5. ____________________ ____________________
6. : .__.__
7.

8. :
9. :__ ,__
10. :_ __:

8. OTHER OBSERVATIONS: Retention time for 5 ppm Phosphorous Trichloride
calibration standard was 2.11 minutes.

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 30. 1986.
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CH•MICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIFZION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST. Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL TEICIWESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous pbotoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25°C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTI: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature -100C.
7. DEVIATIONS FROM AST.! F739 METHOD: Flow rate to cells was 100 cc/min.

3. tMALIERM tHEMICAL 1C OiMMN 23

.1. CRE- NAME(s) : Propionic Acid • N/A NIA
2. CAS NO2MR(s): 79-09-4 : N/A N/A
3. CONC. (IF MIX) N/A N/A N/A
4. CHEMICAL SOURCE:Aldrich rcoaent : N/A N/A

grade . N/A : N/A
4. TEST RESULTS

1. DATE TESTED: July 25, 1986
2. NUMBER OF SAIPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. ,MN DETECTABLE LIMIT N/A
5. STEADY STATE PER.MEATION RATE N/A
6. SAI*.LE THIC M-£SS: 18-19 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1. :__ _ _ _ _ _ :__ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _: _ _ _ _ _ _ _ _ _ _ _ _

2. :
3. : : :
4. : : :
5.
6. :
7. : :__

8. : : :
9. : : :
10. :__ :

9

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 25, 1986

om
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1, DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECIVE MATERIAL CODE: 068
3: CONDITION BEFORE TESTz Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL TBIC1QNESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Resear~ch Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYT1CAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25"r
4. COLLECTION MffIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used.fDetector Temperature -100C.
7. DEVIATIONS FROM ASTH FM3 METHOD: Flow rate to cells-was 100 cc/mmn.

3. MMIZNC MRE IfCAL 1: COHMD1qE*,; 2 .3

1. CHEM XWXŽ(s) : n-Propyl Alcohol : N/A W/A
2. CAS NUMBER(s): 71-23-8 R/A N_______
3. CONC - (IF MIX) N/A . N/AN/
4. CHM*1ICAL SOLRCE:Aldrich reagent N/A .N/A

grade . NIA -. - NIA
4. TEST RESULTS

*1. DATE TESTED: July 28, 1986
2. NUMBER OF SAMPLES TESTED: Three

* 3. BREAKTHROUGH TD'!E: No breakthrough was observed after 3 hours.
4. %aN DETECTABLE LIMIT .76 ppm_____
5. STEADY STATE PELMEATION RATE N/A
6. SAMPLE THICKN~ESS: 18-19 mil
7. SELECTED DAT.A POINTS 4/A

T MECONCENTRATION : CONCENTRATION : CONCE1N4TRATION

2.

4.

7.
8.

8. OTHER OBSERVATIONS: ___________________________

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 28, 1986.
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CREDICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPrION OF PRODUCT EVALUATED

1: TYPE: TeflIon lamin~ated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: U-nused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THIC1OMSS: 15-20 ail
8: DESCRIPTION- Material vas orange colored on one side and buff colored on the

other side.

2. TEST METHOD

I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2.ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.

3. TEý(PERATL'RE: 22-25*C
4. COLLECTION MEDIUM: N?
S. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature -60C.

7. DEVIATIONS FROM ASh .F739 METHOD: Flow rate to cells was' 100 cc/min.

3. CRALIENG QClI=L 1PN 3 C N2 .13

I. CHL1 XA.'X(s) : n-Propylamine .NIA .N/A

2. CAS UVMOER(s): 107-1D-8 NIA *N/A

3. CONC. (I-. MIX) N/A .N/A .N/A

4. CE=ICALI SOURCE:A.1drich reagent :N/A N/A

4. TEST RESULTTSgrdNIN/

1. DATE TESTED: July 14, 1986
2. NUMBER OF SA!IPLES, TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 10.2 hours.
4. KIN DETECTABLE L1'flT .74 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICIQIESS: 18-19 mil
7. SELECTED DATA POIN-TS N/FA

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION

6. II_______________
9.
10. ________

4. OHROSRAIN:___________________________

5. SOTHRC OFSEDATA OS

Samples were run by Sy lvia Cooper on*July 14, 1986.



CD

0 Ab.__ _ __ _ _

1m __O_

0mm _ _ _ _ _UP_

(D- - -. _ _ _ _ __ J

I -- ~ ~ ~~-7t- - . - -- - -

(D_ _ _ _

0~ ___D_ __ _ __ _ _

C ~ ~ ~ ~ ~ I dip_ ___ _ __ _ _

cc 0_ __ _ _

E) E
I00 0. _ _ _ _ _

:.-*..RT I-*--

10~ ~ _______:jj-.-:..==~:-~-

CL 10 I=_



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTLRER: Chemfab _orp•

5: PRODUCT IDENTIFICATION: Cha lcnge 100.
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-250C
4. CY.'LTCTION MEDIUM: N,)
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: Z Inch cells were used./ Detector Temperature a 60C.
7. DEVIATIONS FROM AS7T F-• fLETHQDL Flow rate to cells was 100 cc/min .

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. DiEM 1NAK(s): Pr2yle O.xide N/A /A
2. CAS NUMBER(s): l6U88 62?3 N/A lA
3. CONC. (IF NYX) 9I /A N/A "IA

4. CHEMICAL SOURCE: Aldrich N/A N4A
reagent grade : N/A : N/A4. TEST RESULTS

1. DATE TFSTED: Ma 21, 1986
2. NUMBER OF SAM 5 TESTE: Three (composite run)
3. BREAKTHROUGH TIME: 137 mran
4. MIN DETECTABLE LIMIT 0.68 ppm.
5. STEADY STATE PERMEATION RATE 1.43 ug/cil x hour.
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION1• _ _ __ _ _ _ : :__ _ _ _ _ _ _ _ _ _ :__ _ _ __ _ _ _

3.•

5. : .. .._: ._ :
6.7 . '.. .: :

8. : : :
9.
10. :_•

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run b, Sylvia Cooper on May 21, 1986

i C *l** -y-*WI'~E~L~A.~XiU~ F~I~ ~I'.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER- Chemfab toro.
5: PRODUCT IDENTIFICATON: Challenge 5100
6: LOT OR MANUFACTURER DATE : N/A'
7: NOMINAL THICKNESS: 15-2Om-i-T-
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 See Caves Road. Austin, TX
2. ANLYTICAL METHOD: Continuous photoionization detection with a 11.7 ev lamp.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: N?
6. OTHER CONDITIONS: Z inch cell was used./ Detector Temperaturea 60C.
7. IVIANIDI? FROIM A V/9 f M ETHOD.: F rlate to celI was 11jccimin.

3.. :HAU.EN• ,CJ..MI.A. , : £flIIENT 2 3

1. CHEM NAME(s) : Propl ene0xi e : N/A : .i/A
2. CAS UJMUER(s): 75-5-9 N/A : N/A
3. CONC. (IF MIX) IAN/A / N A
4. CHEMICAL SOURCE:Aldrich reagent : 'A N/A

grade N N/A
4. TEST RESULTS

1. DATE TESTED: June 10, 1986
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 170 mt'.
4. MIN DETECTABLE LIMIT 1.01
5. STEADY STATE PERMEATION RAIL 1.09 ug/Eg x hour.
6. SAMPLE THICKNESS: 19 mil.
7. SELECTED DATA POINTS ._-_....

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1. : : _2.2. :__ __ _ _ :__ _ _ __ _ _ _ _ __ _ _ __ _ _ ___ _ _ _ _ _ _ _ _

4. : .__ _ ._-
5. _ : _

6. : _ . ___ .

7. _ : _8."
9. _ _ ___

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Sylvia Cooper on June 10, 1986.

04



000
vS

~EU.n. wS LE U j

C,)

Em

M o l FilII40i111, 1'CiM



jCHDoICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD
1. IDESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 19-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C-
4. COLLECTION MEDIUMN: N2
.5. C0LJ.LC0N SYSM:g N9
6. UT R CWI'DITfOT S: 1 inch cell was used./Detector Tt.peTatuve - 60C.
7. DEVIATIONS FROM ASD4 F739 IMEHOD: Ficw rate to cell was 100 cc/mln.

3. CHALlENC tHEMICAL I: CM1K4WT 2 : 3

1. VHEM iA.E(s) : Propylene Vxlde : 14/I : IN/A
2. CAS NUMBER(s): 75-56-9 : N/A : N/A
3. CONC. (IF MIX) N/A : N4A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-30-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 195 minutes
4. MIN DETECTABLE LIMIT .13 ppm
5. STEADY STATE PERMEATION RATE 1.10 (ug/cm.T,*hr)
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION CONCENTRATION CONCENTRATION
2.

3. : : _
4. : :
5. : :
6. : :
7. : :
8.:
9._:_ _ :

10. :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 30, 1987.

S C-2J,
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CHEMICAL PROTECTIVE CLOTHING PRO DUCT EVALUATION RECORD

1. DSCRIPTION OF PRODUCT EVALUATED

lI- TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no-visible imperfections
4: MANUFACTUR.ER: Chamfab Corp.
5: PRODUCT IDENTI-FICATION:, Challenge 5100
6: LOT OR MANUFACTURER DATE N/A
7: NOMINAL THICKNESS: 19-20 ai1
8: DESCRIPTION: Material was orange colored on one side and buff rolored on the

other side.

2.. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoignization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C-
4.. COLLECTION MEDIUM: N _________________

5. COLLECTION SYSTEM:___________________________________
6. OTHER CONDITIONS: I inch cell was used.fDettctor Temperatur 60Z-C.
7. MEVUATINS ThcI AS- 7739 WTHDD: View xms to cell wan 100 tctair.

-1. CHAT-LENCZ lIRL'ICAL cone==IW2 . 3

1. OEM NAIM(s) : Propylene Oulde NI14A :N/A
2. CAS NUMBER(s): 75-56-9 :NIA :N/A
3. CONC. (IF MIX) N/A :N/A :N/A
4. CHEMICAL SOURCE:Aldrich 3N/A 3N/A

4. TEST RESUL~rS

1 . DATE TESTED: 2-09-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 169 minutes
4. MIN DETECTABLE LIMIT .13 ppm
5. STEADY STATE PERMEATION RATE .67 (ug/c;2*hr)
6. SAMPLE THICKNqESS: 19-20 mul
7. SELECTED DATA POINTS -/A

TIME CONCENTRATION : CONCENTRATION 3 CONCENTRATION

2.

4.
* 5.

6.

9.:
10.::

8. OTHER OBSERVATIONS:_________________ __________

5. SOURCE OF DATA
Sample was run byDenise McDonald on February 9, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections4: MANUFACTURER: Chemnfab Corp.' . ..

5:PRODUCT' IDENTIFICAT UN': ChallIenge 5 00

6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-2o iil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Ion Chromatography on Dionex 2000.
3. TEMPERATURE: Ambient
4. ` COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER (ONDITIONS: 2 inch cells were usea.
7. DEVIATIONS FROM ASTM F739 METHOD:

3.. CI4CALLENGE C1EICAL I : COMPOtEI 2 3

1. CHEM N"ME(s) : Sil icon Tetrachlo- :/A: N/A
ride WN/A: N/A

2. CAS NUMBE.R(s): 10026-04-07 : N/A : N/A
3. CONC. (IF MLX) 99% N/A N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: October 1, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT 0.5 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS Cells 1,2, and 3 at end of three hour test

T IE : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours : <0.2 ppm : <0.2 ppm : <0.2 ppm
2..
3.
4. :
5.
6.
7.:::

S~~~8..:::
9.::,:
100 _

8. OTHER OBSERVATIONS: Retention time for 5 ppm Silicon Tetrachlorlde calibration
-ostandard was 2.09ppm.

-•• 5. SOURCE OF DATA
Samples were run byv Denise McDonald on October 1. 1986.

4: 22o
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: U68
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp .... ....
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N4A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST ETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin TX
2. ANALYTICAL METHOD: Atomic Absor'tion Spectrophotometry
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: 1 inch cells were used.
7. DEVIATIOINS FROM AW MF739 IETiIOD:

,3. VHALLENGE £EM.ICAL .1 : 1OMPOENT 2 3

1. CHEM NAME(s) : Sodium Hydroxide : N/A : N/A
2. •AS WJBER(s): 131N-73-2 : /A : N/A
3. CONC. (IF MIX) 50% : N/A ' :N4A
4. CHEMICAL SOURCE:Fisher : N/A : _ N/A_'_

4. TEST RESULTS

1. DATE TESTED: October 13. 1986
2. NUMBER OF SAMPLES TESTED: Three
J. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.5 epm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS Cells 1.2. and 3 at end of three hour test.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours : <0.5 ppm (U.5 ppm : (0.5 ppm
2. :_: :
3. ___ :__
4. :_: :__
5. : :
6. : :_: __
7.
8.
9.
10. : :

8. OTHER OBSERVATIONS: Samples and blanks were analyzed with 0.5, 1.0, and 4.0 ppm
sodium standards.

5. SOURCE OF DATA
Samples were run by Denise McDonald on 10-13-86.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Cor."
5: PRODUCT IDENTIFATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20"'nil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. "ANALYTICAL METHOD: Atomic Absorption Spectrophotomietr,
3. TEMPERATURE: Ambient
4. COLLECTION ME1UMH:' Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: 1 inch cells were used.
7. DEVIATIONS FROM ASTN Fh59 tETHOD._

CHALLENGE CHEMICAL 1: Z2MENT 2 3

1. CHEM NAME(s) : Sodium Hydrosulfide : ?I/A : N/A
2. CAS NUMBER(s): 167Z-U-5: N/A NIA
3. CONC. (IF MIX) 10% : ' N/A : N/A
4. CHEMICAL SOURCE:Fisher : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: October 14, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.5 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mril
7. SELECTED DATA POINTS Cells L and 3 at end of three hour test.

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 3 hours : <0.5 ppm : <0.5 ppm : <0.5 ppm
2. :_:_ _
3.
4.
5. :
6. :
7.
8.
9.
10. . •

8. OTHER OBSERVATIONS: Samples and blanks were analyzed with 0.5. 1.0 and 4.0 ppm
Sodium standards.

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 14. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: NZ
6. OTHER CONDITIONS: 2 inch cells were used./ Detector Temperaturea 60C.
7. 1XVIATIONIS FROM AST f7.39 MEtTHO): Flow rate to cells was 9ucc/min

3. CNALLENZ OWEMICAL I : ODMP)NT 2 .3

1. CHEM NAPT(s) : tene N/A :/A
2. CA5 NUMBER(s): IUU-42-5 NA N/A
3. CONC. (IF MIX) 99 "A : N/A
4. CHEMILAL SOURCE:Aldrich Co.inhibited: NAN

with 10-15ppm 4-TBC : N/A : N/A4. TEST RESULTS ..

1. DATE TESTED: April 13, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No break through was observed after 4 hours
4. MIN DETECTABLE LIMIT
S. STEADY STATE PERMEATION RATE NA"
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS N/A

T INE CONCENTRATION : CONCENTRATION : CONCENTRATION
1.:::
2.:::

3.
5.

6. : " :_:

9.
10. :

B. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 3. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomeex
2: PROTECTIVE MATERIAL CODE: ZiZc "_ m_ _ _ _ii3: CONDITION BEFORE TEST: Unused- - o visible mperfections

4: MANUFACTIRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: C allenge 51U.
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 moi
8: DESCRIPTION•: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Ion Chromatogra ny on Dionex ZOO .
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER CONDITIONS: 2 inch cells were used.
7. DEVIATIONS FROM AS1IR F739 METHOD:

3. CHALLENG C.HEMICAL 1 0,I0PDNENT 2 .3

1. CHEM NAME(s) : Sulfuric Acid : N/A : N/A
2. CAS AUMSER(s): ybe4--' N/A " N
3. CONC. (IF MIX) 95% N/A : N/A
4. CHEMICAL SOURCE:Mallinckroot N/A

4. TEST RESULTS

1. DATE TESTED: September 12, 1986.
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough observea after 3 hours.
4. MIN DETECTABLE LIMIT 0.2 ppm -"__
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil "
7. SELECTED DATA POINTS Cells 1,2. and 3 at end of three hour test

TIME COCENTRATION : CONEENTRATION : CONCENTRATION
1. 3 hours : <0.2 ppm : <0.2 ppm : <0.2 ppm
2. : : l___ l

3. l _:l : :_"
4. : - :
5.
6. _ _ :

7.,

9.:::
10.

8. OTHER OBSERVATIONS: Retention time for 10 ppm Sulfate cal ibration standard was
8.59 minutes.

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 12. 1986.

LD 1"LAnP% "n f-A "A XA *-A " M A " bu kAMA .1 n
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED ... _.

1: TYPE: Teflon laminited Nomex
2: PROTECTIVE MATERIAL CODE: 08.
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER; Chemtao Corp.
5: PRODUCT IDENTIFICATION: Challenge5100'
6: LOT OR MANUFACTURER DATE: N!A -
7: NOMINAL THICKNESSt 15-20 mi"
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD-

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Ion Chromatography on Dionex 2000.
3. TEMPERATURE:,.' Ambient" "
4. COLLECTION MEDIUM: Aqueous
5. COLLECTION SYSTEM: Aqueous
6. OTHER COtDITIOTS: 2 nach cells were use4.
7. DEVIATIO;NS FROM ASTM F739 METHOD: -.-

3. CHALLENGE CiE.IICAL a : £ PEN, : 3

1. CHEM NAME(s) : Sulfur Monochloride : N/A N/A
2. CAS NUMBER(s): 10025-57-9 : N/A 'N/A
3. CONC. (IF MIX) 97-. : N/A N/A
4. CHEMICAL SOURCE:Aldrich NA . N/A

4. TEST RESULTS

1. DATE TESTED: October 6, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.5 ppm.
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS Cells 1.2. and 3 at the end of 3 hour test.

TIME : CONCENTRATION : COICENT8TTION : CONCENTRATION
1. 3 hours : <0.5 ppm : <0.5 ppm : <0.5 ppm
2.
3.
4. :
5. : : :
6. : -7 . ::
8. : :__ _
9. : : :
10. _______•_. _ _ _ __ _m_ I

8. OTHER OBSERVATIONS: Retention time for 5 ppm Sulfur Monochloride standard was
2.07 minutes.

5. SOURCE OF DATA
Samples were run by Denise McDonald on October 6. 1986.

_________ ____ -2 C3
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTETVE MTERIAL COE:0 ----

3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFIAIIUN: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: ContinuoUs photolonization detection with a ii.i. eV lamp.
3. 'TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N.
5. COLLECTION SYSTEM: N'
6. OTHER CONDITIONS: 2 inch cells were used. /Detector Temperature -- 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flc• rate to cells was 100cc/min.

3. CHALLENGE CHEMICAL 1: COMPONENT 2 3

1. CHE4 NAME(s) : 1.1.2.2.-Tet .- / NA
chloroethane :/A N

2. CAS N• U R(s): 79-34-5 " A-/A
3. CONC. (IF MIX) N/A /A NA
4. CHEMICAL SOURCE:Aldrich reagent : N/A N Agrade .• N/A

4. TEST RESULTS

1. DATE TESTED: May 19,1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No braakthrough was observed after 15.2 hours
4. MIN DETECTABLE LIMIT V.23 ppm
5. STEADY STATE PERMEATION RATE -N/A
6. SAMPLE THICKNESS: 17-19 m.il.
7. SELECTED DATA PO:NTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION

2.
3. : : -

4.

m i,

7. ~ :-_ _ _ _ _ _

8.
9.:::
10.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on May 19, 1986

L(f,2n3
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CCDE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperftection
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 ril
8: DESCRIPTION: Material was orange colored on one side and buff colorcd on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TD.IPERATURE: 22-25C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: NZ
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature = 60C.
7. DEVIATIONS FROM AST! F739 METHOD: Flow rate to cells was 100 cc/mmn.

3. CALLENM CHE'IICAL I COIPOIE.'NT 2 : 3

1. CHDM MWA(s) : Tetrachloroethylene : 'N /A . : N/A
2. CAS WMBER(s): 127-18-4 : NIA : N/A
3. CONC. (IF =IX) N/A : N/A : N/A
4. CHEMICAL SOUPCE:Aldrich reagent :NI . N/A

grade : N/A . N/A
4. TEST RESULTS

1. DATE TESTED: July 15, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TLM: No breakthrough was observed after 10.4 hours.
4. MIN DETECTABLE LIMIT NIA
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-19 ail
7. SELECTED DATA POIN'TS N/A

TI. : CONCENTRATION CONCENTRATION : CONCENTRATION
1. __ _ _ __ _ _ : .__ __ _ _ __ _ _ _ __ ._ __ _ _ __ __,__ _ _ __ _ __:_ _

2. :_:_,_ :
3. : :4.

5. _ : :

6. : : :
7. ___ :
_8 .

9. : :
10. :_:_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 15, 1986.

(-2
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTEC•V.E MA-,-TERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100 - '
6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL THICKNESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

I. TESTING LABORATORY: Texas Research InstlL.. . 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionizetion detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25-C ..
4. COLLECTION MEDIUM: N.
5. COLLE.TION SYSTEM: Nq
6. OTHER CONDITIONS: Z inch cells were used./ Detector Tem erature - 60C.
7. 'EVIATIOIU IFfN ASl• FMJ9 WETNOD: f iw ret, to Geois wMs 90 cc/miAn.

3. .CHALLENGE CHMCAL I : £L MENT 2 3

1. M WX E(s): Tolue. : /A. .
2. CAS NUMBER(s): 108-88-3 : /A A
3. CONC. (IF MIX) A : /A /A
4. CHEMICIL SOURCE: J.T. Baker : N/A: N/A

4. TEST RESULTS

1. DATh TESTED: April 2. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours
4. MIN DETECTABLE LIMIT- M.0
5. STEADY STATE PERMEATTNRTE N/A
6. SAMPLE THICKNESS: 17-19 mil-
7. SELECTED DATA POINTS N01

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. .2. __ _ __ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _

3.

6. .
8. _______ ________________________________

9.
10. .

8. OTHER OBSERVATI ONS:

p 5~SOURCE OF DATA
Samples were run by Karen Verschoor on April 2. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DFSCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATTON: Chal ienge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-2o mil
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25-t''
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: N-.
6. OTHER. CONDITIONS: Z inch calls were used./ Detector Temperature 60C.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate to cells was 90cc/min

3. CHALLENGE CHEMICAL 1 COMPONENT 2 : 3

1. tWE WTAE(s) -_ e,-__'lu___ _e__ /A
2. CAS NUMBER(s): 95-53-4 N/A -A

"*3. CONC. (IF MIX) N/A N4A N4A
4. CHEMICAL SOURCEW:.T.&AKER W /A N/A

practical grace
TEST RESULTS

1. DATE TESTED: April 11, 1986
2. NUMBER OF SAMPLES TESTEL: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.25 hours
4. MIN DETECTABLE LIMIT U.43 ppm.
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINT N/A,

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
2. .

3.
4. m

6.•5. .. :

7.
•.• :______ ____________ :________ __________

10 ..

F. OThER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Karen Verschoor on April 11, 1986

(-23i
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CID:CLMTC. ?~z:Vt C.CTm:.c PRODUCT VA.LUATZ04 R11=1.o

1. SCI:Z7:ON '04 PRODUCT EVA LUATID

TV: ?f! ýeflon laminated ~40max

3: t1D-,ZC. 39MI-9 n¶ES-: Unused, -to wilsible ±.a..afections
%:0'A~L7AC.*'1UP: Chenfab Cot,.

St. PRODUCT =121TITICAT0IN: ChaJllent" 510
6: LOT OR MA-H1TACMU1Z DATS: N4/A
7: NOMZ'IAL "."W1CUIESS: 1S-Z.O ainl
8: BZO13C:T014 Mtaerial vasn buaf! colored

T.'EST 4.".0D

1. 'TzS:T4 UoRA:-O&YT: Texas ierearch Ianstitute, 9063 lee Cavesn Road, Ausin,±~ TZ
2. AN4ALYTICAL MfTIOD: Continuous phocolonizaclon detecti@uvith a 11.70 &V IAL*ThD
3. TD~L3.U7*A!.: 22-25Cr
-4. COLUCT-10 MIUM1: Nq ______________

3. COLLECT.CN4 STSTLM: 97
6. OHRCOVDI'430NS: It J~ tells wers ..0' (Detect qr TempIAture iC
7. m V AT 102 710 S o iSN67 739 nTEOD: flow rate to calls vas 90cc/s2ri

CULL.LR C~Z IZMCAL I MU M.~'T 2 '

I. CM ZA.(s) '- Tolylene 2.4- VIi/
di1socyan.ate 91VA 14/A

2. UAS NWXHfl(s): 584i-64-j $4/A N 1/A
3. CONC. (17F '=X.) 36 /A N____ k____

A. CRtICAL SOURCE:Aldrich Tec!~lcal 97KA ,,. AI
_grade :NIA - 1 N14A

A. TIS: RsLL:S

I. DATt V-S-.: A-gril 15, 19866
2. iU1.4.3E, OF SA2%'..?1ZS TUTID: Three
3. DIZACfl0L(M TMn: No breakthrough wasn observed af ter 3.25 rours
4. MIN =nC=ZA3LE L=~T .65 ~
3. STEADT STA"0 ?EL'UTION LATE N/A
6. SAMPLE ?RCF4ESS: 1'-19 all___________________

7. SELIC'TD pot -NT T4A -

TI DM CONCENITRATION : CONCE14TLATION 2 ONCLS'TIATION
1.
2.

7.
8.

9.
10.:

8. OTRER O3SLUVATIONS: __________________________

5.SOURCE or DATA
-Samples were run~ by Karen Verschoor on Apr~l 15.- 1986-

q6
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CCHEMICAL PROTECTIVE CLOTHING F.ODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL WDE: 068
3: CONDITION BEFORE TEST: Unused, no visible iperfections
4: KIMgUFACTURER: Chumfab Corp.
5: PRODUCT IDENTIFI.ATIUN: Challenge 5100
6: LOT OR MANUFACTURER DATT: HLA
7: NOMINAL THICKNESS: 15-20 mn I.
8: DESCRIPTION: Material was orange ceored on one side and buff colored on the -

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL WETHOD: Continuous photoionlzatlon detection with a 1I.7!0 eV Iamo
3. TEMPERATURE: 22-25*' -
4. COLLECTION MEDIUM: __ _. . .... ....
5. COLLECTION SfSTEM: .f
6. OTHER CONDITIONS: --finch Cells were used./Ietector erature a0C..
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 100 cc/min.

CHLE.G ~.~~Oqcnmm& I tlDN UWI T2 3

1. CHEM NAICS) : Trichloroethane i/A NA
2. CAS NLWE(s): /A5b /A
3. CONC. (IF MIX) 1/A /A/A4. 4CHEICAL SOURCE:41drich magent N :LA 4 1• LA

4.grade .: N/A :L

4. TEST RESULTS " N/A

1. DATE TESTED: June 6. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT .60 Re
5. STEADY STATE PER4EATION RATE N/A
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
2.

3.
4.•

5 . : : . . . .
6. _ "_'_ _
7.

8. :9. ". .

10 . _ __ . .. . . . .. _

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Semples were run .by Karen Verschoor on June 6. 1986. . ... .

~IItigILC C-J I2VXqU.UMUEMA
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Coro.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: A
7: NOMINAL THICKNESS: 15-207 m"
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bec Caves Road Austin, TX
2. -ANALYTICAL METHOD: Continuous photoionlzatlon detection with a 11P..0 ev lame.
3. TEMPERATURE: 22-25*=
4ý COLLECTION MEDIUM:-N•
5. COLLECTION SYSTEM: 2
6. OTHER CONDITIONS: nch call was used /etector Temperature a 60C.
7. DEVIATIONS FROM ASTM F73• D. J(]h Q F rat J ta if] I was .ucc/m.n "

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. CHEM NANE(s) : TrichloroMmtlene /. /A
2. AS MJNBER(s): 79-/A_ --

3. O . (IF MIX) .:: /A-/A
4. CHEMICAL SOURCE:Aldrich reagent : NA

grade : NA: (

4 . T EST R E SU LT S 
" - -'N /

1. DATE TESTED: April 28-29, 1986
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 143 mm.
4. MIN DETECTABLE LIMIT 0.07
5. STEADY STATE PERMEATION RATE 2.04 ug/cmg hour
6. SAMPLE THICKNESS: 17-19 m11
7. SELECTED DATA POINTS

TIME : CONCENTRAXION CONCENTRATION : CONCENTRATION
1.:

2.
3. _ _. __:__._.
4. ":

6. -

7. .i

9. •__ ___ __ ___

10. :_'_'_ _

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Karen Verschoor on April 28-29, 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unuse'd no vi.sible imperfections
4: MANUFACTURER. Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil_
6: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2.. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: Nq
6. OTHER CONDITIONS: 2 inch cell was used Detector Temperature = 60C.
7. )EAI/ATIM FROM ASTN Fzj9 MEiTO.- Flow rott to el _i was 90cc/mn."'

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. D4M WAME(s) : 1Triciiorwttt$ylum 'NJ!______
2. CAS NUMBER(s): /9-01-6 N/A /A3. COIN. (If "IX) 14/A W qA-NA

4. CHEMICAL SOURCE:Aldrich reagent : N/A N4
grare : N/A N/A

4. TEST RESULTS

1. DATE TESTED: April 29. 1986
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 156 mmn
4. MIN DETECTABLE LIMIT 0.10 ppm.
5. STEADY STATE PERMEATION RATE 1.63 ug/c"F9 hour
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS __ _ _ _. ...

TIE : COMNCE1tTRATION : CONCENTRATION : CONCENTRATION

1.

5.

7.eo

8. OTHER OBSERVATIONS: ____________________________

5. SOURCE OF DATA
Sample was run by Karen Verschoor an April 29. 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 eV lamp.
3.- TEMPERATURE: 22-25'C
4. COLLECTION MEDIUM: N__.
5. COLLECTION SYSTEM:_ N?
6. OTHER CONDWTIONS: Z inch cell was used./ Detector Temperature a 60C.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate to cell was 9Occ/min

3. tHLLEN?4 D"t A~tL I tD M' t1 T2 .

1. CHEM NAME(s) : Trichloroethylene /A N/A
2. CAS NUMBER(s): "/-71-6 :/A /A
3. CONC. (IF MIX) _/A /A NIA
4. CHE~MICAL $MUCf*Al*,vti reagentJu

grade :_ N/A___NA
4. TEST RESULTS

1. DATE TESTED: April 30, 1986
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 146 m!n.
4. MIN DETECTABLE LIMIT 0.0. p0pm5. STEADY STATE PERMEATION RATE 1.91 ug/cm' hour
6. SAMPLE THICKNESS: 17-19 mil
7. SELECTED DATA POINTS "_

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.:::

3.
4. : _ :
5.
6. : : :
7.:8. :__ __ _ _ :__ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. : : :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Karen Verschcor on April 30. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visb:le imperfections
4: MMUFAC(LIRER: Chemfab cc- p.
5: PRODUCT IDENTFIXWATION: C allenge 5100
6: LOT OR MANUFACTLPER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: MaterTial was orange colored on one side and buff colored on the

other side.

2. TESr METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoionizatlon detection with a 10.zo-eV lamp.
3. TEMPERATURE: 22-25"T-
4. COLLECTION MEDIUM: Nl
5. COLLECTION SYSTEM: N.
6. OTHER CONDITIONS: 1 Inch cells were used. /etector Temperature -100C.
7.. 4IEV1ATIZS HM~ F739 Wa=Il JU: Ia rate 11.ceis was ;00 cc/mi n.

CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. CHER UWAs) : lTurveritine /AA:________
2. CAS UMBER(s): 4A/
3. tOIC. (IF t4IX) t91A A7_ _:_ _ _ _
4. CHEMICAL SOURCE:Crown reagent gra : N/

4. TEST RESULTS

1. DATE TESTED: July 24, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGi TIME: No breakthrough was observed after 3.6 hours.
4. MIN DETECTABLE LIMIT 0.03 ppx
5. STEADY STATE PERMEATONRE N/A
6. SAMPLE THICKNESS: 18-19 m11
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION CONCENTRATION : CONCENTRATION
1.
2. : : :
3. _ _ _
4. .5.:
6. _ " ___

8. :__ __ _ _ . . ..__ _ __ __ _ : _ _ _ _ __ _ _ _ __ __:__ _ _

9. _ _ _
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia Cooper on July 24, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laninated Nomex
2: PROTECTIVE MATERIAL CODE: .. .
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Ghallenge 5100
6: LOT OR MAUFACTURER DATE- N/A .... ....
7: NOMiNAL THICKNESS: 15-20-ml_
8: DESCRIPTION: Material was orange colored on one side and buff colored

on the other side. ,._..

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin. TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.7 OV lAmp.
3. TEMPF.RATURE: 22-25T_
4. COLLECTION MDIUM: N 1
5. COLLECTION SYSTEM: N7
6. OTHER CONDITIONS: Z Inch cells were used./ Detector Temerature a 60C.
7. DEVIATIONS FROM ASTM M9ETHOD: -Flow rate- to C was 10OZZ/3:n.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. CHEM NAME(s) : Vinyl Acetate Z/A ....
2. CAS NUMBER(s): 106-05-4 /: N_ :
3. CONC. (IF MIX) _____/A

4. CHEMICAL SOURCE:Aldrich reagent N-grade. : - _.-:

4. TEST RESULTS 
N/A

1. DATE TESTED: May 13, 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: 74 min.
4. MIN DETECTABLE LIMIT 0,Z1 ppm.
5. STEADY STATE PERMEATIONRATE 3.30ug/cno/hr
6. SAMPLE THICKNESS: 17-19 mrol
7. SELECTED DATA POINTS '_.......

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1. .__ _ _ _ _ _ .__ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _

2.

3. _ : _ _ _:. ...
4 . _ , _. : _.. _ _ .....

10. : :__ _ _ _ __ _ _ _ _ ..__ _ __ _ _:__ _ _.___ _.___ _ _ ._

8. OTHER OBSERVATIONS: ____________________________

5. SOURCE OF DATA
-Samples were run by Karen Verschoor on May 13. 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TvPE: Teflon laminated Homex
2: PROTECTIVE MATERIAL CODE: 0b5
3: CONDITION BEFORE TEST: Unused, no visi•le lmperfections
4: MMUFACTLER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Chalenge 5100
6: LOT OR MANUFACTURER DATE:NA...
7: NOMINAL THICKNESS: 15-20 rail
8: DESCRIPTION: Material was buff colored

2. TEST METHOD

1. TESTING LABORATORY: Texa- Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuous photoloplzation detection with a 11.7 eV lamp.
3. TEMPERATURE: 22-25"_
4. COLLECTION IE.DRUM: -

5. COLLECTION SYSTEM:-
6. OTHER CONDITIONS: Z inch eel 's were used./ Detector Teriture 50C.
7. DEVIATIONS FROM AST .F739 •TRD F10w rate to cell was 100 c/min

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 3

1. CiER NAlE(s) : Vinyl Acetate
2. CAS HUIBER(s): 108-05-4 JA /A
3. 404C. (IF MIX) :_ /_A :_/A
4. CHEMICAL SOURC:_ Aldrich N4A/A :_____reagent grade :-' N__':___--'-"

4. TEST RESULTS .grade N/A

1. DATE TESTED: Mal 21. 1986
2. NUMBER OFSA 5 TL .LO one fu' n______
3. BREAKTHROUGH TIME: 137 mn.
4. MIN DETECTABLE LIMIT 0.21pm.
5. STEADY STATE PE-MEA7N -.- . ....
6. SAMPLE THICKNES*.: 18-20 m..
7. SELECTED DATA POINTS--

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1. 136 mn : 0.0 ppm
2. 195.6 mi : 1.57 ppm
3. 756 min 3.-W 3pm _

4. __ _ _ -

6. ________ -.. __ -_ _" '_:_.. ..6.1' : : -"-- -- : ' "7.:::

9. - -:" ::

8. OTHER OBSERVATIONS:

5. SOURCE O% DrT',
Sample was r,,n by Karen Verschoor on r.a-y 21, 1986
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CELW:ICA1. PNOdTECTIV1V CL.OTKN NC PhOr'tCT EVALUATWUT RECLIK

1. Dr SC )1)71 ill,% uT PiKODUCI E\VALVATED

1: TYPL: Tcflcon lat'inated Nomex
2:RFOTLCTI\VL :AEKI1AL CODE: C'bb

3: CONDiTIN BEFORE TEST: Unused, no visible imperfections
d.: NANUFACITURER: Cher~fab Corp.
5: PRODUCT IDEXI~TFICATION: Challenge~ 5100
6: LOT OR tA3N1'FACTURER DATF! N/A
7: N013NAL T~llCM`SS: 15-20 ail
E,: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. ______________________

2. TEST METHOD

1. TESTING LABO)RATORY: Texas Research 1nttt._O3beCvsRaAsiT
2. ANALYTICAL METHOD: Cortinuous photolonizat-on detection with a 10.20 eV lamp.
3. TLEI?ERATURE: 22-25*C
A. COLLECTION htDIUM:__________________ __________

5. COLLECTIUN SYSTEM4: N2
6. OTHER CONDITION~S: 1 Inch cell was used./Detector Temperature - 100C.
7. DEVIATIONS FROM AS-D F739 METHOD: Flov4 rate to call was 100 cc/min.

CHIAL.LENGE OItWIAX. II CtMIE=Z~ 2 3

1. CEM, NA~ts) :Vinyl Acetate : /A :NIA
'2. CAS NlMIBER(e): 106-0.5-4 X/A N/A
3. CONC. (IF MX) NIA7 NIA N/A

'1 4. CHDX1CAL SOURCE:Aldrich :/AN/A

A . TEST RESULTS

1. DATE TESTED: 1-9-87______
2. UMIBER OF SAMIPLES TESTED: One (Run1)
3. BREAKTHROUGH TVIE: 53 mi~iute or.,__________________
4. MIN DETECTABLE LIMT 0.01 ppm
5. STEADY STATE PEKLIEATION RATE 0.46 ug/cm /hr
6. SAMPLE THICKNESS: 19-20 ails _________________

7. SELECTED DATA POINTS N/A

TIME C ONCENTRATION : aNCEN-l"RATION : CONCENTRATION
1.
2.:
3. :

4..

7.

9.
10.

8. OTHER OBSERVATIONS: _________________________

5. SOURCE OF DATA
Sample r,, 1,z Denism McIonald on January 9, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRI?7TON OF PRODUCT EVALUAT.D

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTVRER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DAT!E:N/.. .
7: NOMINAL THICEZESS: 15-20 ail
8: DESCRI.TION: Material was orange colored on one side and buff colored on the

other sEde.

2. TEST METH CD

1. LEs::G LA3ORATOR'.-: Texas Research Institute, 9063 Bee Caves Road, _Austin, TX
1. A.NAL'!TCAL METHOD: Continuous photoionization detectiorn with a 10.20 eV lamp.
3. T--MPERATLTE: 22-25'C
4. COLLECTION MEDIUM: N-
5. COLLECTION SYSTL: N..
6. CT:��-= .SZnDlONS: I 4Ach cell was used/Detector Temperature - 103C.
"-. LA£,-'O-A1'-',S TROM AST0.M F739 METHOD: Flow Tate -t cell mau 100c-laii.

3. 1~E~ ~C.~

1. C AE:! ;As) : Vinyl Acetate : N/A N/A
.CAS I'ERs). 106-O- N/A N/_________

3. CONC. (iF MIX) N/A N/A N/A
4. CHEX!:CA.L SOLRCE:Aldrich . N/A : N/A

4. TEST S*;.SLTS

1. DA-: TESTED: 2-24-87
2. NL•MBER CF SAMPLES TESTED: One (Run 111)
3. BREAXTHROUGH TIME: 68 minutes
4. MIN DETECTABLE LIMIT.02 ppm
5. STEADY STATE PERMEATION RATE 2.78 (ug/cm2*hr)
6. SAMPLE THICILNESS: 19-20 ails
7. SELECTED- DATA POINTS N/A

T 1 : CONCENTRATION : CO NCENMAT ON : CONCENTRATION

9.

3.

5. OF:AT
6.Dn c o
7.:::
8.:::
9.
10.:::

8. OTHER OBSERVATIONS:

5.SOURCE OF DATA
Sample run b~y Denise McDonald on February 24, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Chall enge 5100
6: LOT OR MANUFACTURER DAT : N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHUD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuoui photoionnzation detection with a 1(3.Zev iamp.
3. TEMPERATURE: 22-25T
4. COLLECTION MEDIUM: N
5. COLLECTION SYSTEM: N"
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature a 100C.
7. DEVIATIONS FR:OM ASTh f#739 NETR.: f j w 'raze 'to tellf was 1O0O0=g/ir.

3. CHALLENSECHEM.ICAL 1 : £MMENET 2 3

1. CHEM4?4AMEWs : Vinyliderwetti1prid: -___________
2. CAS NUMBER(s): 75-35-4 N/A N/A
3. CONC. (IF MIX) NIA N/A - N/A
4. CHEMICAL SOURCE:Aldrich N/A N/A

4. TEST RESULTS

1. DATE TESTED: September 23. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT _.49 __
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 rail
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :2.

3. : : :
4. : _ ,:
5. : : :
6. :
7. _ _ :8. :__ _ _ _ _ __ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

9. : : :
10. .

8. OTHER OBSERVATIONS:

5. SC,!CE OF DATA
Samples were run by Denise Mcgonald on September 23. 1986
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CHEMICAL PROTECTIVE CLOTHING PRUDUCT t ._.UATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PRUTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.

5: PRODUCT IDENTIFICATION: Challenge b1OC
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road. Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11./ eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N? ....
6. OTHER CONDITIONS: 2 inch cells were used./ Detector Temperature - 60Ce
7. DEVIATIONS FROM AST METHOD: _F'low rate to cells was 1P0cc.min

2. CHALLENGE CHEMICAL 1 COMPONENT 2 3

1. CHEM NAME(s) :Xlene %./A /A
2. CAS NUMBER(s): 1330-20-7 . A N/A/
3. cOwI., (If miX) Rix" Ismers NIA N/A
4. CHEMICAL SOURCE:Baker : =EA N/A

4 TETRSLSReagent Grade :N/A :_ N/A
4. TEST RESULTS

1. DATE TESTED: June 2 '986
2. NUMBER OF SAMP-LN TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after three hours.
4. MIN DETECTABLE LIMIT 0.13 Dpm.
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 18-20 mil
7. SELECTED DATA POINTS N/A

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.t2.

3.'

4.
5.
6 . " __ ,_I1 _ _ _ I

u ~~7.:::

90.-

BI . OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Sylvia R. Cooper on June 2. 1986

C-1Q
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CUDE: Ub.
3: CONDITION BEFORE TEST: Unused. no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: MaterTal was. orange colored on one side and buff colored on the

other side.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection wMth a 10.zo eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N-
5. COLLECTION SYSTEM: "N ... ... _,

6. OTHER MtlrrloNs: I I ncl cells %mm terL /Dec-or TWqReR'uton a 100UC.
7. DEVIATIONS FROM ASTRMF739 METHODT T FIow rte to cells was 100 cc/min.

3. DIALLENGE DI•E1Z1tAL I : 1WEIC 2 3

J. VHEM XNAM(s) : Wlnol /A NA
2. CAS NUMBER(s): 576-26-1 : N/A NA
3. CONC. (IF MIX) N/A .'" NAN/AA
4. CHEMICAL SOURCE: Aldrich _ _NAN/A_,_

4. TEST RESULTS

1. DATE TESTED: September 9. 1986
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.26 hours.
4. MIN DETECTABLE LIMIT .01 m as Cresol.
5. STEADY STATE PERMEAT "N E N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.
2. '

7.:-
4. '_ _ __ _ __ _ __ _ "_ _ __ _ __ _ __ _ _ _ _ _ _ _'"__ _ _ _ _ _ _ _

8..
9. ___

10. :_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on September 9. 1986
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APPENDIX D

HETHOD FOR CREASING MATERIAL SAMPLES

(Provided by Chemical Fabrics Corporation)
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Rough Draft
HMWFAB Test Procedure

05 September 1986

Fold Resistance of CHEMFAB Protective Clothing Material

SCOPE:

To evaluate the reduction of chemical permeation resistance of
chemical protective clothing material due to hard folding or creasing.

SALE RMPA'RATION:

cut a rectangular section of material, 4" z 8",, with the law
dimension parallel to the warp or i-achine-direction of the materiel.

TEST EQUIPMENT:

1.) Steel roller - 1.50" diameter x 2.25 " length, 10 lb. .1al
weight (Fig. 1)

2.) Permeation test apparatus consistent with ASTM 739-81.

PROCEDURE:

1.) Wipe sample with damp cloth to remove any surface dust or
abrasive particles which may damage the sample during
rolling.

2.) Fold sample perpendicular to long dimension.

3.) Place the folded sample on a hard surface such as a clean
lab bench top, metallic or formica table top.

4.) Roll the sample with the ten pound roller so that the
direction of the roll is parallel to the sample fold (Fig.
2).

5.) Repeat Step 4 nine (9) times for a total of ten (10) rolls.



c~r~Frf efr - _

Page Two
Rough Draft

CHEMFAB Test Procedure
05 September 1986

Fold Resistance of CHEMFAB Protective Clothing Material

6.) Reverse the fold, taking care to insure that the new fold

occurs along the sawe line as tMe original fold (Fig. 3).

7.) Repeat Steps 4 and 5.

8.) Cut permeation test sample so that the fold line bisects
the exposed area in the test cell.

9.) Perform permeation testing (ASTh 739-81) toward chemical of

RESULTS:

Report breakthrough time and permeation rate of folded samples
and pristine control samples. Report all parameters required by ASTM
739-81 including chemical(s) type and concentration.

- - - - -
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APPENDIX E

PERMEATION1 TEST DATA FOR CREASED GARMENT MATERIAL SAMPLES

(Data Provided by Texas Research Institute Under Contract)
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. MSCRI.:?'.ON OF PROLUCT EVALUA:ED

1: TYPE: Teflon la.iinatged Nomex
2: ?ROTECTIVE MATEKRtAl. CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible i.mperfection_
4: .MANUFACTU,.ER: Chmfab Corp.
5: PRODUCT IDENTIFýCATION: Challenge 5100
6: LOT OR M.ANUFACTURER DATE: N/A
7: NOMINAL THICiIESS: 15-20 ail
8: DESCR:?TION: Material was orange colored on one side and buff colored on the

other side. Sample was created using CHE4,FAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST .- T.CD

1. TEST:NG LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALTCAL METHOD: Continuous photoionization detpction with a 10.20 eV lamp.
3. TMPEU.ATURE: 22-25CZ
4. COLLECTION MEDIUM: N,) ... . .

6. =-C.R CONDITI-ONS: 1 inch cells was ?ised./Detector TemDerature - 100 C.
,. =*:A::0..s Enm .AS- 5739 FlHor: •2.ow rate to cei-,s was 100 c:.,'=n.

C. iL"="N -.MMCAL. 1C? EN2 :3

1. CIEL,4 :.A--(s) : Acetone N/A : N/A
2. CAS NtMBER(s): 67-64-1 : N/A N/A
3. CONC. (IF MIX) NiA . N/A __ NIA
4. CHEM:CAL SOLRCE:Mallinckrodt N/A : N/A

4. TEST RES2'.:S

1. D)ATE TZSTED: 2-23-87
2. NU.MBER OF SAPLES TESTED: Three
3. BREAIaHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .09 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE. qIlCM•ESS: 19-20 ails7. SELECTT-5DATA POINTS N/A

TIME CONCETRAT ION : CONCENTRATION : CONCE.VMTATION
1.:::

2.
3. __ _ _ _

4. .

5.
6.
7. ::
8.
9.: :
10.:::

,••!8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
•] Samples _were run by Denise McDonald on February 23, 1987.

_______________________ -1__
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUPTION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mul
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

]. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Gas Chromatography
3. TEMPERATURE: Ambient
4. COLLECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: Charcoal
6. OTHER CONDITIONS: 1 inch cells were used.
2. ZEV~JAON F1ZM AS2 X7.39 METE=: _________________

3. CHALLENGE CHEMICAL : COMPONENT 2 : 3

1. CHEM UME(a) : £vetutiatTlle :/A : V/A
2. CAS NUMBER(s): 2206-2f-O : N/A : N/A

S 3. mmt4. ti? mifx5 NTA Ni/A ti/A
4. CHEMICAL SOURCE: Fisher-Pesticide : N/A : N/A

Grade : N/A : N/A
4. TEST RESULTS

1. DATE TESTED: 2-06-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMIT 0.6 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS Cells 1,2, and 3 at end of three hour test

TIME : CONCENTRATION : CONCENTRATION : CUNCENTRATION
1. 3 hours : <0.6 ppm : <0.6 ppm : <0.6 ppm

2.
3..
4. .

5. :
6.:::

10.:::
8. OTHER OBSERVATIONS:

5. SOURCE OF DATASamples were run by Denise McDonald on February 6, 1987.

' E-3
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCaI?7:ON OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION 3EFORE TEST: Unused, no visible imperfections
4: MANLTACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICLNESS: 15-20 mil
8: DESCRI.TION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test proceduze
ol 5 Sentember 1986.

2. TEST .T.TICD

1. TEST:.G LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTCAL MTHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPELATLRE: 22-259C
4. COLLECTION MEDIUM: N-.CO- C E 'I .11-ro -• SYS-- " : N-,.. .
•. 7 2 =:;CDITIONS: I inch cell was used./Detector Tempera:ure - OOC.

7. =EVIZ.:;O5 ROm ASi! -739 1E.THOD: Flow rate to cell was 100 cc/min.

3. ME: tDMP.1T 2 : 3

:. CHEM ) : Carbon Disulfide : N/A N/A
2. CAS N.MBER(s): 75-15-0 . N/A : N/A
3. CONC. (IF MIX) N/A I N/A N/A
4. CHEDI-CAL SOURCE:Fisher : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-19-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREA)=HROUGH TIME: 15 minutes
4. MIN DETECTABLE LIMIT .07 ppm
5. STEADY STATE PERMEATION RATE 13.33 (ug/cm2*hr)
6. SAMPLE T-ICK'ESS: 19-20 mil
7. SELECTEa-DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCEN•RATION

1.

5.
6..
7. .

8.
9.
10. :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samole was run by Denise McDonald on February 19, 1987.

6-51
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CHEMICAL PROTECTIVE CLOTHING P.ODUCT EVALUATION RECORD

I. DESCRIT:f.% OF PRODUCT EVALUATED

1: TYPE: Tefion laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6-: LOT OR MANUFACTURER DAI•.: N/A
7: NOMINAL THICKNTESS: 15-20 ail
8: DESCR-?TION: Material was orange colored on one side and buff colored on the

other, side. Sample was creased using CHE!.FAB Fold Resistance Test procedure
of 5 September 1986.

2. T7ES. %fEHCD

1. TESTNG LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALNT'.CAL METHOD: Continuous photoionizatiori detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION HDIUM: N')

7. FR'OMSiE7Z•x .••. .:7 e.. F..ow rate to cell was 100 cc,'min.

3. MI111."ImZ n.=-.-r.•C.A1 COMPONEn.' 2 3

1. CFEM :.-(s) : Carbon Disulfide : N/A N/A
2. CAS \nUBER(s): 75-15-0 N/A N/A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMlCAL SOURCE:Fisher ' N/A N/A

4. TEST RESULTS

1. DATE TErSTED: 2-20-87
2. NUMBER OF SAMPLES TESTED: One (Run II) e|

3. BREAKTHROUGH TIME: 11 minutes4. MIN DETCTABLE LIMIT .0
5. STEADY STATE PERMEATION RATE 12.85(ug/cmz*hr)
6. SAMPLE T1ICn7TS5: 19-20 mils
7. SELECTD•.DATA POINT•S N/A

]TI..• : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

2.
3.:::

4. : :
5. : :
6.

7. ::

8.
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on February 20, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD
£. DE-,RIF1T.ON OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: ?ROTECT=VE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: XANLTACTUR.ER: Cheufab Corp.
5: PRODLUT IDNTIFICATION: Challenge 5100
6: LOT OR MANLTACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20" l
8: DESC%.R?T, ION: Material was orange colored on one side and buff colored on the

other side. Sample wrs creased using CHEGAB Fold Resistance Test procedure
o. 5 September 1986.

2. TSS, T- .•:-IFCD

1. TEST-NG LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
N2. AALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.

3. TEMPERATURE: 22-25C
S4. COLLECTION MEDIUM: N-.

i. VTIL'R "C.NITIOWS: 1 inch cell was used/Detector TemDera:ure - 100C.
7. :,E'IA.--::ONS FROM,! AS7! F739 METHOD: Flew rate to cell was 100 c, =Lin.

3. CF47.~ ==IICAL I : V'03'q 2 3

1. =1~ NAM(s) :Carbon %~su"If de R ~ /A :.I /A_______
2. CAS NLMBER(s): 75-15-0 N/A N/A
3. CONC. ('.F .IX) N/A : NiA N/A
4. CHr•E-CA!*. SOL"RCE :Fisher NIA N/A

'.TEST RESUL:S

1. DATE TESTED: 2-24-87
2. NUMBER CF SAMPLES TESTED: One (Run 11 )
3. BREAKTHROUGH TIME: 15 minutes
4. MIN DETECTABLE LIMIT .04 ppm
5. STEADY STATE PERMEATION RATE 10.04 (tg/cmi*hr)6. SAMPLE TWICIESS: 19-20 mils
7. SELECTZJ-DATA POINTS N/A

T•$ : CONCENTRATION : CONCENTRATION : CONCENTRATION

2,
3.
4.
5.
6.
7.
8.
9.
10.

8. OTHER OBSEFV,"--NS:

SOURC-.-

5. SOREOF DATAj Sample was run byy Denise McDonald on~ February 24, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD/

1. DmSCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 06 ,
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenze 5100
6: LOT OR MANUFACTURER DATE: N/A.
7: NOMINAL THIClKNESS: 15-20 il.
8: DESCRIPTION: Material was orante coloxed on one side and buff colored on the

other side. Sauple Was creased using Ci• .JFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25@C
4. COLLECTION MEDIUM: N9
5. COLLECTION SYSTEM: N2
6. ODTHER 4CONDIN .S a Inch call was used./Detector Tlaweraaure - 60C.
7. •AVMT1 S ThOM l ILSTM -739 )HOD: ?low Tate to cell was 100 ccWain.

3. CHALLENGE CRE:ICAL I COKPOMi 2 3

1. CHE4 NA.'--(s) : DichloTowethane : N/A : N/A
2. CAS Wflf() 7-92t/A */A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHLHICAL SOURCE:Fisher N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 4-13-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 53 minutes
4. MIN DETECTABLE LIMIT .71 pp_
5. STEADY STATE PERMEATION RATE 3.79 (us/cm2*hr) _

6. SAMPLE T4ICXNESS: 19-20 mils
7. SELECTED DATA POINTS N/A

TIME : CO CENTRATION CONCENTRATION : CONCENTRATION
1.:

2.
3.

5..

__ _ _ _ _ _ __

7.
8. :
9..
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 13, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nouex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4; MANUFACTURER: Cheufab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICIKNESS: 15-20 a.1
8: DESCRIPTION: Material was oranze colored on one side and buff colored on the

other side. Samule was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-256C.
A. COLLECTION MEDIUM: N2,
5. COLLECTION SYSTEM: N2
6. 01MER cOa=Tz•TOS: A anch cell was uaed.,Detecto.r Tam azature - 60C.
7. DIA110OWS TROM Af'! 1739 ýMETHOD: ilow Tate to ctal wms 100 ccmiln.

3. CHALLENGE • • AL ; COMPONEN 2 3

1. CHEMl NAME(W) : Dichlorouethane : 1/A : N/A
2. tAS tW•ZER(s): 75-49-2 M NA : N/A
3. CONC. (IF MIX) N/A : N/A N: /A
4. CHEMICAL SOURCE:Fisher = N/A N: 1/A

4. TEST RESULTS

1. DATE TESTED: 4-13-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. IREAKTHROUGH TIME: 58 minutes
A. MIN DETECTABLE LIMIT .- 9 ppm
5. STEADY STATE PERMEATION RATE 3.08 (ug/cu_*hr)
6. SA.PLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : ONCENTRATION
1.
2.
3.
4.
5. . : _ _ _ _.

6. : _

9.. .
10. _ _:_:,.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 13, 1987.

_ 613
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CHEMICAL PAOTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex_____________________
2: PROTE~WMATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visibie Imperfections
4: MAN4UFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100

6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL T)IICIONESS: 15-20 ail
8: DESCRIPTION: Mlaterial was oranze colored on one mide and buff colored on the

other side. Sample was creased usin-g CHEMFAi Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 5.. Caves Road, Austin, TX
2. ANALYtTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.

3. TEMPERATURE: 22-254C-
4. COLLECTION MEDIUM: -N7
5. COLLECTION SYSTL4: N_2_____________________
6. OTHER CONDITIONS: I Inch cell was used./Detector Temperature - 60C.
7. 4EVIAZINS FAfM AS F7.39 AMI2MOD. FlowI cate to callI w"n 100 cc/min.

3.CHALLENGE CHEMICAL 1I COMPONENT 2 :3

1. Cam IMa(s) : 'DichloTowtbmwe V1A N/A
2. CAS NUMBER~a): 75-09-2 3N/A N/A
3. 114C lTaIIx) 4/A 1N~ /A /A
4. CHEMICAL SOURCE:Fisber :N/A :N/A

4. TEST RESULTS

I1. DATE TESTED: 4-14-87 _ _______

2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKtTHROUGH TIME: 53 minutes
4.MN EECAL LIMIT .79. .24

6. AMLETHICKNESS: 19-20 ails
7. SELECTED DATA POINTS N/A

TIECONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3..

5.

10.

8. OTHER OBSERVATIONS: ___________________________

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 14, 1987.

01111A~
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068] 3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICIWESS: 15-20 mlu
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEWPERATURE: 22-25C
A. ML1mTDION 1DIUM: N2
5. COLLECTION SYSTEM: N2,
6. OTHER CONDITIONS: 1 inch cells ware used./ Detector ;eMerature - 60C.
7. DEVIATIONS FROM ASO F739 METNOD: Flow rate to cells was 100 cc/=in.

3. GHALLENGE CHMEMICAL i : Ci701VT 2

1. CHEM NAMfE(s) : Diethylamine N/A N/A
2. CAS NLMBER(s): 109-89-7 N/A N/A
3. CONC. (IF MIX) N/A N/A N/A
4. CHEMICAL SOURCE: Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-10-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.0 hours
4. MIN DETECTABLE LIMIT .15 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICIVESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. :
3.
4.
5.
6.
7. :___:
8.
9. .

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
*Sa ..les were run by Denise McDonald on February 10,ý 1987.9
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I : TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visib'e imperfections
4: MANUFALTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOHINAL THICKNESS: 15-20 mlu
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: g2
5. DLIECTION SYSM.: W2
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature - 60C.
7. DEVIAIONS'FROkI ASD1 F739 MIETOD: Flow rate to cells was 100 cc/min.

3. CHALLENGE CHEMICAL : COMPONENT 2 : 3

1. CHEM NAME(s) : Dimethylformamide : N/A . N/A
2. CAS NLMBER(s): 68-12-2 : N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE: Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-11-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4.0 hours
" . MIN DETECTABLE LIMIT .40 ppm
5. STEADY STATE PERMEATION RATL N/A
6. SAMPLE THICKNESS: 19-20 ail
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

2. :
3.
4. :
5. :
6. _____
7. : : :
8.
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 11, 1987.

I
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CHEMICAL PROTECTIVE CLOTHING raODUCT EVALUATION RECORD

1. DESCRIr:CN OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTEC'..TIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNCESS: 15-20 ail
8: DESCRZ?TION: Material was orange colored on one side and buff colored on the

ot.her side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 Se~tember 1986.

". TEST ETHCD

i. TEST:NG LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERA.URE: 22-256-C
4. COLLE-ZO.N ,EDZLUM" N-,
5. C0111=1029 SYSO, LM: N-,
6. OTHER C3,'DITIONS: I inch cells were used. /Detector Temperature - IOOC.
7. FROM. L.STMl P739'•3OD: Flow rate to cells was I00 cc!/min.

3. CHALI'tNGE CHEMICAL I: COMPONENT 2 3

1. CHEM NA:-(s) : Ethyl Acetate : N/A N/A
2. CAS NMLUBER(s): 141-78-6 : N/A N/A
3. CONC. (IF MIX) N/A N/A N/A

4.4. CHZMX-CALT SOURCE:E-M Science N/A N/A

4. TEST RESULTS

I. DATE TESTED: 3-4-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE LIMiIT .20 ppm
5. STEADY. SATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS N/A

T IME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3..
4.
5. :
6.
7.
8.
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Sa=vles were run by Denise McDonald on March 4, 1987. 6-Z'



iS

CO. >

o 0
0 0

41 0-

C Z.



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRI?.TCr' OF PRODUCT EVALUATED

1: TYnPE: Teflon laminated Nomex
2: PROTECTVE MATERIAL CODE: 068
3: COND:T:ON BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCR:?T'ON: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2.17E. ST 7.ATH.CD

A. TES. T :;GS LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX

2. ANAL'!:2"CAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. T1PEP.AI.-RE: 22-2.5C
4. COLLECT ON E DIL.II: N-)
3. C:LZ=T". f'ST-*_.: N•
6. CT:ER :ZNDITIONS: 1 inch cells were used./Detector TeoDerature - 100C.
7. A=- - F739 MEIHOD: Flow rate zo calls was 100 cc/mmn.

3. C1ALLE.!;"E GZ. EMICAL : COMPONENT 2 : 3

I. CH.EM :A:--•(s) : Hexane : N/A N/A
2. CAS tV.!3ER(s): 110-54-3 . N/A N/A
3. CONC. (TF MIX) N/A : N/A N/A
4. CH{Mi CA.. SOURCE:Aldrich : N/A N/A

4. TEST RESUI-S

"1. DAT7Z TESTED: 3-3-87
2. NUMBER CF SAMPLES TESTED: Three
3. BR! (kOUC, TIME: N/A
4. MIN DETECTABLE LIMIT .11 ppm
5. STEADY SATE PERMEATION RATE N/A
6. SAMPLE :T.IC1QESS: 19-20 mils
7. SELECTED DATA POINTS N/A

T:M-- : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3.
4.
5.
6., , :
74. __ __ _.....___ _ __ __ _ __ __ _"___ _-:__ __ __ _ __ _"_

8. :
9.
10.

8. OTHER OBSERVATIONS: ___

5. SOURCE OF %A-.A
Sa-ples were run by Denise McDonald on March 3, 1987. 2-3
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068 5
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACIURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 nil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TE4PERATURE: 22-25C..
A. COL M.O =DLflJ* N-7
5. COLLECTION SYST-M: N2
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature - 60C.
'7. XVA,,IOS F.OM4 AS'739 MEMIOD: F.lw rate to cells was 1.00 accis.

3. CHALLENGE CHLMICAL 1 : COMPONENT 2 : 3

1. CHEM NAME(s) : Methanol N/A : N/A
2. CAS NUMBER(s): 811-98-3 : N/A : N/A
3. CONC. (IF MIX) N/A : N/A _ _ N/A
4. CHEMICAL SOURCE: Fisher : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-04-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.2 hours.
4. MIN DETECTABLE LIMIT .10 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 uil
7. SELECTED DATA POIN7,S N/A

TIME : CONCENTRATION : CONLENTRATION : CONCENTRATION
1. * .

2. : :
3. :
4. : :
5. .

6. : :
7. :
8. ::

9.
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 4, 1987.
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CODIICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1.DESC'.t&"--'&O.% OF PR0DU•.'.ý EVALUATED

1: TYPE: Teflon laminated ,Nomex .

2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections4: HANLIFACTURER: Chemfab Corp.

5: PRODUC:T IDENTIFICATION: Challente 5100
6: LOT CR -ANUFACTURER DATE: N/A
7: NOMINAL THICKSS: 15-20 mil
8: DESCRZTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHE.•AB Fold Resistance Test orocedure
of 5 September 1986.

2. TEST .T-cz

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANAL';!TICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERA7TURE: 22-25TC

4. COLLZECTION MEDIUM: N-"
5. COLLECTION SySTE.: W.
6. OTHE?. CONDITIONS: 1 inch cells were used./Detector TemDerature - 100C.C. -EVacr.S . .4S4N F739 ME'HOD: Flow rate to cells was 100 c~c,'-n.

3. C HALL GZ II EIC.•.A : COMPOMENT 2 3

1. CHEN N.AX(s) : Nitrobenzene : N/A . N/A
2. CAS NLM3ER(s): "8-95-3 . N/A . N/A
3. CONC. (IF MIX) N/A . N/A : N/A
4. CHEmICAL SOURCE:Mallinckrodt N/A N/A

4. -TEST RESULTS

1. DATE TESTED: 2-26-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAK1KROUGH TIME: N/A
4. MIN DETECTABLE LIMIT .06
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE TITICLCESS: 19-20 mils
7. SELECTED DATA POINTS N/A

TI.\ CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3.
4.
5., .
6.
7.:::
8. :
9.:::
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 26, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION R;ZCORD,

S1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfectiont
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 ail
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure

of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25"C .. .. .... ...
4. COLLECTION MEDIUM: N2  .. .. ...
3. C•LUECTON SYZL1f NM,
6. OTHER CONDITIONS: 1 inch cells were used./ Detector Temperature - 60C.
7. DEVIATIONS FRC ASZ4 F739 IETHOD: Flow rate to cells was 100 cc/min.

3' CHALLIENCE CHWLrflt I : CCF¶?01ENT 2 :3

1. CHEM NA.ME(s) : Tetrachloroetbane : /A : •/A
2. CAS NUMBER(s): 79-34-5 : N/A : N/A
3. CONC. (IF MIX) N/A " N/A N/A
4. CHEMICAL SOURCE: Aldrich: N/A N/A

4. TEST RESULTS

1. DATE TESTED: 2-05-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: Nc breakthrough was observed after 3.2 hou'rs.
4. MIN DETECTABLE LIMIT .07 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 oil
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION CONCENTRATION
1.
2.

:3.

5.
6.

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 5. 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I 1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068

3: CONDITION BEFORE TEST: Unused, no visible imperfectionsI 4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mil
8: DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CHEMFAB Fold Resistance Test procedure
of 5 September 1986.

I2. TEST METHOD

I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTLM: N-7
t. OTHER CD1OTTIONS: I Imch tells were used./ Det•ectr ThempeTatuTe - 60C.
7. DEVIATIONS FROM AS74 F739 METHOD: Flow rate to cells was 100 cc/nin.

3. CHAL1ENm -ICRIE1 : COMPONMT 2 3

1. CHEM XA.E(s) : TietrahydrofurAn : N/A WN/A
S 2. CAS NUMBER(s): 109-99-9 : N/A N/A
S 3. CONC. (IF MIX) N/A : N/A : N/A

4. CHEMICAL SOURCE: Aldrich : N/A N/A

4. TEST RESULTS

I I. DATE TESTED: 2-05-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.9 hours.
4. MIN DETECTABLE LIMIT .09 ppm

I 5 STEADY STATE PERMEATION RATE N/A6. SAMPLE THICKNESS: 19-20 mill

i 7. SELECTED DATA POINTS N/A

TIM : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3. : :

5. * :
6. :
7. : :
8.
9. :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 5, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Challenge 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 15-20 mill
8; DESCRIPTION: Material was orange colored on one side and buff colored on the

other side. Sample was creased using CRH.MAB Fold Resistance Test procedureof 5 September 1986.

2. TEST !.THOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TE!4PERATURE: 22-25C
4. COLLECTION MEDIUM: N_
.5. ZOLLECZ20J SYSflA. 14,
6. OTHER CMMDITIONS: 1 inch cells were used./ Detector Temperature - 60C.
7. DEVIATIONS FROM ASLM F739 WrTHOD: Flow rate to cells was 100 cc/min.

-3. CHALIZMGE CfE1MAL I ; CV MT 2 3

1. t MA S): 'Toluene lq/A N/A
2. CAS NUMBER(s): 108-88-3 - N/A N/A
3. CONC. (IF MIX) N/A : N/A . N/A
4. CHEMICAL SOURCE: Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-09-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.8 hours
4. MIN DETECTABLE LIMIT .02 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mil
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

2. :
3. :
4. " :
5.
6. : :
7. :
8. :
9. :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on February 9, 1987.
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APPENDIX F

PERMEATION TEST DATA FOR VISOR MATERIAL SAMPLES

(Data Provided by Texas Research Institute Under Contract)



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 mils
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV amp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTE: N2
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature- IOOC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells were 100 cc/min.

3. CHALLENGE CHEMICAL : COMPONENT 2 : 3

1. CHEM NAME(s) : Acetone - /A .0/A
2. CAS NUMBER(s): 67-64-1 : N/A : N/A
3. CONC. LI.F JUL) NIA NIA N NA
4. CHEMICAL SOURCE:Mallinckrodt : - N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 4-6-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.25 hours.
4. MIN DETECTABLE LIMIT .07 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :

2. : :__

3. : :

4.
5. :
6. . :

7.
8. : :__

9.
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
,Samples were run by Denise McDonald on April 6, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: M, &NUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
S: LOT OR MANUFACTURER.DAT,: N/A
7: NOMINAL THICKNESS: 11-13 oil
8: DESCRIPTION: -Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: Nitrogen
5. COLLECTION SYSTEM: Nitrogen
6. OTHER CONDITIONS: 1 inch cells were used. /Detector Temperature - 10OC.
7. DEVIATIONS FROM ASIM F739 METHOD: Flow rate to cells was 60 cc/min.
8. PERMEATION TEST SYSTEM: Individual Cell Monitoring

S.~. OIA31tE¶GE CS-W1CA1. I W"01M1O1T 23

.I. CHEM NAIiE(s) - Acrolein : N/A NIA

'2. :CAS NUWBER~s): 107-02-6 NIA NIA________
L. 3. CONC. (IF MIX) N/A ": N/A : N/A

A. CHEMICAL SOURCE.Aldrich N/A: N/A

J "4. TEST RESULTS

1. DATE TESTED: 6-29-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.0 hours.
4. MIN DETECTABLE LIMIT .60 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
I 3.

4. :
5.
6. :_.:.__

7. :____
8.
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on June 29, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I 1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURE,: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER. DATE: N/A

7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet.

j 2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-256C

I ' 4. COLLECTION MEDIUM: Nitrogen

5. COLLECTION SYSTEM: Nitrogen
r 6. OTHER CONDITIONS: I inch cells were used./Detector Temperature - IOOC.
U 7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate to cells was 60 cc/min.

8. PERMEATION TEST SYSTEM: Individual Cell Monitoring

3. CRALI.•GE• C11., 1 : UI POM EIqT 2 : 3

I. CHEN NAME(s) : Allyl Chloride N/A : 1/A
2. CAS NUMBER(s): 107-05-1 N/ /A • N/A
3. CONC. (IF MIX) N/A : N/A : NA
4. CHEMICAL SOURCE:Aldrich N/A N/A

A4. TEST RESULTS

[ 1. DATE TESTED: 7-01-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4 hours.
4. MIN DETECTABLE LIMIT .50 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.

3.

14.
5.
6.

I 7.
8.
9.

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATAI Samples were run by Denise McDonald on July 1, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE NATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MAN4UFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR KMANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 aml
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9C63 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuaous photolonization detection with a 10.20 eV lamp
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: N)
6. OTHER CONDITIONS: 1 inch cell was used. /Detector Temperature - lOOC.
2. -nEY"X.TIO•US J1M ASI-2 .F239 .Z.HD: Flow zrate ao fe.l was 100 &./lain.

3. CHALLENGE CHEMICAL : COMPONENT 2 : 3

1. m NAME(s) : Carom dmsalftde : vlL .i
2. CAS NUMBER(s): 75-15-: N/A I N/A
3. OONC. (If *IX) N/A t N/A . N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE "ZSTED: 4-3-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 90 minutes
4. KIN DETECTABLE LIM.T .065 ppm
5. STEADY STATE PERMEATION RATE 10.61 (ug/cm2*hr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTI±S N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. ::

2. .

3.
4.
5.
6. :_ _ _ _

7. .

8.
9. .

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 3, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3" CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUIACTURER: Dupont
3: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 nil
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp
3. TEMPERATURE: 22-25-C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cell was used./Detector Temperature - 1OOC.
7. DEVIATIONS FROM ASTh F739 METHOD. Flow rate to cell was 100 cc/min.

3. CHALLEPME CHEMICAL : COMPONENT 2 3

,: CHEM NAM(s) : Carbon Disulfide : NIA l/A
2. CAS NUMBER(s): 75-15-0 : N/A N/A
J. CQ1NC 'MIX) N/A N/A N/'A
4. CHEM£.- aju. SOURCE:Mallinckrodt : N/A N/A

4. TEST RESULTS

1. DATE TESTED: 4-4-87
2. NLMBER OF SAMPLES TESTED: One (Run IU)

BREAKTHROUGH TIME: 94 m inutes
4. KIN DETECTABLE LIMIT .16 _p~pm
5. STEADI STATE PERMEATION RATE 13.58 (ug/cmg*hr)
6. SAMPLE THIC•NESS: 12 mils
7. SELZCTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :

2. _ ___

4.

6.6. . . .

7. : :

9. :10 :__ _ _ _ _ _ __ _ _ _ _ _ _ _:__ _ _ _ _ __ _ _ _ _ _ __:_ _ _ _ _ _ _

8, OTHIER OBSERVATIONS:

5. SOURCE OF DATA
Samp2e was run by Denise McDonald on April 4, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

19 DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon

2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfectionq
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: NiA
7: NOMINAL THICKNESS: 11-13 ail
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp
3. TEMPERATURE: 22-25C
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: N2
.6. OTHER CONDITIONS: I I.ia call was used./Detector Temrerature - 100C.

7. 1VIATIOWS -TROM r739 METHOD: Flow rate ito cell was 100 cc/mIn.

3. CHLIENG. CHEMIC .COMPOEDNT 2 3

1. CHEM NAME(s) : Carbon Disulfide : N/A : N/A
2. •AS NUKBEa(s): 7--15-0 MI/A N/A
3. CONC. (IF MIX) N/A . N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 4-6-87
2. NUMBER OF SAMPLES TESTED: One (Run I11)
3. BREAKTHROUGH TIME: 98 minutes
4. MIN DETECTABLE LIMIT .17 ppm

5. STEADY STATE PEL'MEATION RATE 7.27 (ug/cm2*hr)
6. SAMPLE THICKNESS: 12 wils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. :_:_:
3. :__ _
4. ___ _
5.: :

6. . 9

7.8,, : . ________________________________

9.
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 6, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALJATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTUtRER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

i. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-256C
4. COLLECTION MEDIUM: N21
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS. 1 inch cells were used./Detector Temperature - 100C.
7. DEVIATIONS FROM ASTH F739 METHOD: FLow rate to cells were 100 cc/min.

3. WA•Iz¶E UkKCA,1 1 VCOMo NT 2 3

I. CHEM NAME(s) : Ethyl Acetate NA N/A
2. CAS NUMTER(s): 141-78-- : IN/A N/A
3. CONC. (IF MIX) N/A : N/A N/A
4. t'EMI'CAL SOUR'CE:_EM Science t4/A V4/A

4. TEST RESULTS

1. DATE TESTED: 4-7-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours.
4. MIN DETECTABLE LIMIT .27 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME, : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. : ___

3. :
4.
5.
6. :
7.
8. ::

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 7, 1987.

_ _ _ _ _ _ _ _ _ _ _-_ _ _
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont

j 5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 ail
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST ýTTHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin. TX
2. ANALYTICAL METHOD: Continuotus photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25C -

4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used./Detector Temperature - IOOC.
2. ZJAIX2Z•TZ XF2D 4= XF739 METHOD- Zlow rate -o cells were 100 cc/ain.

3. CHALLENGE CHEMICAL : COMPONENT 2 : 3
4:

i. �~ I (•() : Leram I 1A :Ia
2. CAS NUMBER(s): 110-54-3 : N/A : N/A
3. CONC. <If MIX) $4/A W $4/A +1'/A
4. CHEMICAL SOURCE:Aldri.h : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 4-2-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3.0 hours.
4. MIN DETECTABLE LIMIT .31 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1..

2. : : _

3.
4.
5. : : :
6. : _ __,..

7. : : _
8. __________ : ::

10. :_: :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run bY Denise McDonald on April 2,, 1987.
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CHEMICAL PROTECTIVE CLOTHINC PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTZCTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IrF•NTIFICATION: Visor
6: LOT OR K'IUUFACTURER DATE: N/A
7: NOMINAL THICIOKESS: 11-13 ails
8: DESCRInTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N7
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - IOOC.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate to cells was 100 cc/min.

3. CRfIEUNCE tWDCA/L 1 C tPOER2 3

1. CHEM NAME(s) : Nitrobenzene N/A : N/A
2. CAS NU..ER(s): 91-95-3 '/A = N/A
3. CONC. (IF MIX) N/A A: N/A N/A
4. 1MMICAL S1URCE:Mallinckrodt I tA • N/a

4. TEST RESULTS

1. DATE TESTED: 4-6-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No b:-kthrough was observed after 3.8 hours.
4. MIN DETECTABLE LIMIT .04 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 sils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRAT ION : CNCENTRATION
1.
2.
3.
4.

6.
7.

9.
10.'

S. OTHER OBSERVATIONS:

50 SOURCE OF DATA
Samples were run by Denise McDonald on April 6, 1987.

5. __________________________________________________________
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I 1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfectionsS d4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER. DATE: N/A
7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.-
3. TEMPERATURE: 22-256C
4. COLLECTION MEDIUM: Nitrogen
5. COLLECTION SYSTEM: Nitrogen

S 6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 1OOC.
S 7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 60 cc/min.

8. PERMEATION TEST SYSTEM: Individual cell monitoring

F 3. VRIAMLUQE 01EMICAL 1 : COMPONENT 2 : 3

t 1. CM NA(s) : Trichloroethyene : N IA N/A
2. CAS NIS4ER(s): 79-01-6 N N/A : _ N/A
3. CONC. (IF MIX) N'/A N/A NIA
4. CI•I CA1 SOURCE:Aldrich N/A . N/A

I &.. TEST RESULTS

I 1. DATE TESTED: 6-29-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4.1 hours.
4. MIN DETECTABLE LIMIT .21 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION1. __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _

2.
3.
"4. :_: :

L ~~6.:::
7. ___ _

8. __: :
9.

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Samples were run by Denise McDonald on June 29, 1987.

i F-Ic1
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

r 1: TYPE: Teflon
2: rROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections' 4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OF, MANUFACTURER DATh: N/A
7: NOMINAL THICKNESS: 11-13 ail
8: DESCRIPTION: Material was a white transparent sheet.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25'C
"4. COLLECTION MEDIUM: Nitrogen
5. COLLECTION SYSTEM: Nitrogen
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - OOC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells was 60 cc/mmn.
8. PERMEATION TEST SYSTEM: Individual cell monitoring

. WRAM1ICE LUR1tA1 I CDDq t~? N23

1. CHEM NAME(s) Vinyl Acezate N LA N/A
2. CAS NUMER(s): 108-05-4 : N/A : N/A
3. CONC. (IF MIX) N/A N I/A : N/A '_'
A. CHEMICAL SOUROCEAld-rih .N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 6-30-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4.5 hours.
4. MIN DETECTABLE LIMIT .50 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils -

7. SELECTED DATA POINTS N/A

TIME : CONCENTPATION CONCENTRATION : CONCENTRATION
1.
2.

3. :__ _
4.
5.
6.
7.:::

j ~~9. ::

10. __ :_ :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sawple was run by Denise McDonald on June 30, 1987.

__ F - l !
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICA.ION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25°C
4. COLLECTION MEDIUM: Nj
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 100 C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells tere 100 cc/min.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. CHEM NAME(s) : Acetone N/A N/A
2. CAS NUMBER(s): 67-64-1 N/A : N/A
3. CONC. <IF •IX) 19 / )Z/A -/.
4. CHEMICAL SOURCE:Mallinckrodt . N/A N/A

4. TEST RESULTS

1. DATE TESTED: 4-7-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4 hourb.
4. MIN DETECTABLE LIMIT .21 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME CONCENTRJATION : CONCENTRATION : CONCENTRATION
1.
2. _____
3.
4.
5.
6. "
7.: :

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 7, 1987.

P-
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UftLi~AL1?'OTECT1VE CLOTHING WFKODCT- L!VAL1]ATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections

4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 ail

I 8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using
CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICA' METHO0D: G;as Chromatography'

S 3. TEMPERATUE: Ambient

4. COLLECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: Charcoal
6. OTHER CONDITIONS: 1 inch cells were used.
7. DEVIATIONS FROM ASI¶4 F739 METHOD:

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. t IM(s D Rc:Fiotetrle * NI/A 111A
2. CAS NUMBER(s): 2206-26-0 _ _N/A,•_, N/AI 3.. CONC. (:IF MI.X) N/A NI :•A VIA•/

! , .' CH]EMICAL SOURCE*:Fisher . "-' NIA- NIA'

4. TEST tESULTS

1. DATE TESTED: 5-13-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: N/A
4. MIN DETECTABLE I.DMIT 0.5 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS Cells 1,2, & 3 at end of three hour test

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

1. 3 hours : <0.5 ppm : <0.5 ppm <0.5 ppm

3.
4. : :

6.I ~ ~7.':::

8. : :__

10.

8. OTHER OBSERVATIONS: 3 hour samples were collected for 60 minutes for total
volume of 11.5 litera.

5. SOURCE OF DATA
Samples were run by Denise McDonald and Kevin Selby on MaX 13, 1987.

~~ ~JU'.A NA tj~~~~MAA r.1*A.taA.JdMANZIf.L &~MAX rumx,ýt-J11
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A

ii 7: NOMINAL. THICKNESS: 11-13 nil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased usinE

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST .ETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Ree Caves load, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N2 _...... ..
5. COLLECTION SYSTE!: N,
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature - OOC.
7. DEVJiATONS .Zom &S.T .F739 •EZtOD-" Ylow rate to call was 200 _cc/gn..

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 : 3

1. CUEM SIM (s) : Carbon .diulfide :VIA: i/A
2. CAS NUMBER(s): 75-15-0 . N/A N/A
3. CONWC. (If MIX) *.A N __/A __ NI/A
4. CHEMICAL SOURCE:Mdllinckrodt : N/A : N/A

S. TEST RESULTS

1. DATE TESTED: 4-8-87
2. NUMBER OF SAMPLES TESTED: One (Run 1)
3. BREAKTHROUGH TIME: 34 minutes ....
4. MIN DETECTABLE LIMIT .09 ppm
5. STEADY STATE ?ERMEATION RATE 8.40 (ua/cmi*hr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
A.

2. _ : _

4. :__ _

5. : :_:
6. . : _

7. 0

9. .

10.

8, OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 8, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: T~ef 1,,-
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DAT.: N/A. .
7: NOMINAL THICKNESS: 11-13 ll
8: DESCRIPTION: Material vas a white transparent sheet. Samule wes creased uu±n"

CHEMFAB Fold Resis ance Test procedure of 5 September 1966.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection vith a 10.40 eV lamp.
3. T04PERATURE: 22-25"C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 Inch ceal was used_./Detector ?emp':rature - IOOC.

U.MV14710 M AC¶4 F739 FlooD: .1w Tate ,to cell was 100 ce,,i'..

.L CHALLPENGE MEMICAL I : CO4PO2SNT. 2 * 3

I. CHEM NA.S(s) : Carbon Disulfide : N/A : N/A
2. CAS NUMBER(s): 75-15-0 :/A a A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 4-9-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 25 minutes
4. MIN DETECTABIA LIMIT .1(0 ppm
5. STEADY STATE PERMEATION RATE 8.60 (us/cm2*hr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
1.
2. __ _ _ _ __ _ _ _ __ _ _ _ : __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. -:
4. : . _:.._ ,5. :__ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _ : :__ _ _ _ __ _ _ _ _ __ _ _.___ _ _ _ _

6. : _: _
7, : __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

8. :____
9.
10.

8. OTHER OBSERVATIONS:

"5. SOURCE OF DATA

,,-,meple was run by Denise McDonald on April 9. 1987.

S~F-29
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIfPION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFCRE TEST: Unused, no visible lmperfections
4: MANUFACTUALR: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNIESS: 11-13 mil
8: DESCRIPTION; Material was a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST .ETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX

2. ANALYTICAL METHOD: Conti-uous photoionization detection with a 10.20 eV lamp.
3. TEMPER.ATURE: 22-25°C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N7
6. OTHER CONDITIONS: 1 inch cell was used, Detector Temperature - 1OOC.
7. JX/Vo0XS F84 -AS.rM 1739 A1ZEdOD. Flow rate to *j1. wes 100 ccain.

3. CHALLENGE CHEMICAL 1 : COMPON NT 2 :3
= -C

1. 90.M E (9) c Caa lm=22lde 2 U/A :/A
2. CAS NUMBER(s): 7T-5-50 : N/A : NA
3. WKt~. (IF MI1X) h'/A W/A 4 1/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A :NA

4. TEST RESULTS

1. DATE TESTED: 4-10-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 34 minutes
4. MIN DETECTABLE LIMIT .10 ppm
5. STEADY STATE PERMEATION LATE 1.2.80(us/cm*hr)
6. SAMPLE THICKIESS: 12 mils ,
7. SELECTED DATA POINTS N 'A

"i 'TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2. .

3.
4.

6. Z : _
6. ::

7. :

9. :__ _

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run bY Denise McDonald on April •, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT &VALUATION RECORD

I1
I. DESCRIPTION Of PRODUCT EVALUATED

S 1: TYPE: Teflon

2: PROTECTIVE MATERIAL CODM: Of . ......
3: CONDITION BEFORE TEST: Unused, no visible iMps:fections
4: .MUFACTURER: Dupont "
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICDIESS: 11-13 QiI
8: DESCRIPTION: Material was a vhite transparent sheet. Sample vas creased Usina

CHEFAB, Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection vith a 11.70 eV lamp.
3. TE4PERATURE: 22-254C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 Inch cell was used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASNh F739 METHOD: Flow rate to cell vas 100 cc/si.

.3. CA&LLEXCE CU0023 2 a 3

I. CHEM NAMEWs : Dichioromethane :N/A : /A
2. CAS 14 3R(s): 75-09-2 :NA /A
3. CONC. (IF MIX) N/4A ' N4A
4. CHEMICAL SOURCE:Fisher 'NA N/A

4. TEST RESULTS

1. DATE TESTED: 4-15-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 38 minutes
4. 'uN DETECTABLE LIMIT .14 ppm
5. STEADY STATE PERMEATION RATE 5.22 (Urg/cmu' 5 lhr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION CONCENTRATION CONCENTRATION

2.: _
3.3 "

5.
6. : _ _

7. : - -
8. : : _

9.

8. OTHER OBSERVATIONS: _

5. SOURCE OF DATA
Sample vas run by Denis* McDonald onApril 15, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. rESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIV E TRIAL CODE: 09
3: CONDITION BEFORE TEST: Ueused, no visible imperfections
4: MANUFACTURER: Dupcnt
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUF&CTLURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased usiru

C',"EFAB Fold Resistance Test procedure of 5 September 1986.

k. TEST Y'TYOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL ?ETHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE- 22-254___
4. COLLECTION MEDIUM: Nq
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cell was used./DeLector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cell was 100 cc/min.

L 3 NL4ENGE 4 COP - •$EZ 2 " 3

I. CHEM NAMED : Dichloromethane • N/A : N/A
.2. CAS NUMBER(s): 75-09-2 . H/A . N/A
3. N (IF IX) 4 /A 2/A : IN/A
4. CHEMICAL SOURCE:Fisher : _N/A__ N/A

4. TEST RESULTS

•I1. DATE TESTED: 4-21-87
2. NUMBER OF SAMPLES TESTTD: One (Run I1)

3. BREAKIHROUGH TIME: 60 minutes
4. MIN DETECTABLE LIMIT .06 ppm
5. STEADY STATE PERMEATION RATE 2.45 (ug/cmz*hr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
2.
3. : :

4. :_: :
5. : :__
6. : : :
7. ::

l ~~8. :
j ~~9. ::

10. :_:_ :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on April 21, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. ]DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: U nused, no visible imperfecizions
4: MANUFACTURER: Dupont ____ _______

5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICINESS: 11-13 mi1
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2.* TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization e!etection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C -
4. COlLLECTION MEDIUM: N2______________________

5. COLLECTION SYSTEM: N2
-S. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cell was 100 cc/min.

3. CHALLEN2 CHEMICAL 2 CIOEr 3

1. CHEF~ NJAIE(s) : Dichloromethane :N/A :N/A
2.. CAS NLD3EI(s): 75-09-2 NIA N/A
3. CONC. (IF MIX) N/A :N/A N/A________4. CHEMICAL SOURCE:Fisher :N/A NI

4. TEST RESULTSN/

1. DATE TESTED: 4-22-87

2. NUMBER, OF SAMPLES TESTED: One (Run III)
3. BREAKTFHROUGH TIME: 30) minutes
4. MIN DETECTABLE LIMIT .08 ppm
5. STEADY STATE PERMEIATION RATE 3.55 (ug/cmz*hr)
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.:
2.I 3.
4.
5. __ _ _ _ _ _ :_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

6.: __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

7. _ _ _ _ _ _ _

8..
9..I. ~10. ____________________________

a. OTHER OBSERVATIONS:__________________ __________

5. SOURCE OF DATA

Sample wasa run by Denise McDonald on April 22, 1987.

WIA
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[ ~ CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1.MSCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflonr
2: PROTECTIVE MATERIZL CODE: 09
3: CONDITION BEFORE TEST: Uuused, no visible imperfections
4: MANUFACTURER- Dupont __,

5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANZACTURER DATE: N/A
7: NOMINAL THICKiESS: 11-13 m1
8: DESCRIPTION: Material vns & white transparpnt sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25CZ.
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature 60oC.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate to cells were 100 cc/min.

3. WAIL •M KWICAL I COWKO 2 2 3

"I. CHEN NAME(s) : Diethylamine N/A : N/A
2. CAS NMSER(s): 109-89-7 NIA N/ -
3. CONC. (IF MIX) N/A : N/A N/A
A. CEMICAL SOURCE.-EM Science 1 71A. N/A

4. TEST RESULTS

1. DATE TESTED: 4-23-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREArTHROUGH TIME: No breakthrough was observed after 17.8 hours.
4. MIN DETECTABLE LIMIT 1.21 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 ailsS 7. SELECTED DATA POINTS 'N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

1.
2.:

3.
4.
5. :
6. : :
7.

.8.

-. 1 . : :
9..

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Samples were run by Denise McDonald on April 23, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTWECTIVE MATERIAL CODE: 09 --
3: CONDITION BEFORE TEST: Unused, no visible i-erfect ions
4: MANUFACTUREP: Dupont
-: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 ail
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

C'ZJGAB Fold Resistance Test procidure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cells were used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells were 100 cc/min.

3. CMALIlEnE CEWICAL I a f 2.3

I 1. CHE NAME(s) : Dey1formazide : /A ,: N/A
2. CAS NUMBER(s): WJ . :, N_ A " N/A
3. CONC. (IF MIX) N/A : N/A : N/A

, A. CHEMICAL SOURCE:Mallinckrodt : N/A ti/A

4. TEST RESULTS

1. DATE TESTED: 4-24-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 20.3 hours.
4. MIN DETECTABLE LIMIT 1.16 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 ails
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. .

2- :
3. : :
4.
5. _ _

6. : _ :
7. : :__
8. __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ __ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _

9. : : _
10. : : :

S. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 24, 1987.
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CHEMICAL PROTECTIVE CLOTHINC PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused. no visible Imperfections
4: MANUFACTURER: Dupor~t -

5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICIESS: 11-13 ail
8: DESCRIPTION: Material was a white transparent sheet. Sau!*e was creased usiul

C. EMFAB Fold Resistance Test procedure of 5 SeDteuber 1986.

=.TEST METHOD
1. TESTING LABORATORY" Texas Research Institute. 9063 Bee Caves Road. Austin, TX

2. ANALYTICAL METHOD: Continuous phototonization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: N..
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Derector Temperatuge - IOOC.
7. DEVIATIONS FROm ASTh F739 METHOD: Flow rate to cells were 100 cc/min.- .

3. VRAQ.-CQ. M 0MVIC & I : cOMINNT 2 3

1. CHEM FkAE(a) : EthlActe N/: N/A
2. CAS NUKBER(s): 141-76-6 N: A : N/A
3. CONC. (T-F MIX) N/A . N/A : N/A4. C`C)"ICAL SOUaCEAM£- ; e ' :4 _ _t__NA NA/

4. TEST RESULTS

1. DATE TESTED: 4-8-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TINE: No breakthrough was observed after 3.4 hours.
4. MIN DETECTABLE LIMIT .14 ppm __.

5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 ails
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : __:__
2.
3.: :

,T• ~4.•:

6.:
7.:::

10.:::

8. OTHE:R OBSERVATIONS :

.5. SOURCE OF DiTA

_•: Sammples were run by Denise-McDonald on April 8, 1987.
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CHEMICAL PROT.CTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible isperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A ....
7: NOMINAL THICKNESS: 11-13 ail
8: DESCRIPTION: Material was a white trans arent sheet. Sml was created using_

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TLST •ETHOD

1. TESTIC LABORATORY: Texas Research Institute, 9063 Bee Caves Road Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp.
3. TDIPERATURE: 22-250C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2

S6. OT1ER CONDITIONS: I inch cells were used./Detector Temperature - OOC.
7. DEVIATIONS FROM ALTM F739 METHOD: Flow rate to cells were 100 cc/mmn.

3. VMU, = tR ZCAL 1 2COIOqT 2- 3

I. MM. AME() : Hxiane N/A N/A
2. CAS ,U3MER(s): 110-54--3 N A N/A___/ _ _"

3. CONC. (IF MIX) N/A : _!.A N/A
£. EMItAL SOU= E:Z Science `0_/ _ _ /N/A

4. TEST RESULTS

1. DATE TESTED: A-8-87

2. NUMBER OF SAMPLES TESTED: Three
3. BREAJ(:THUGH TIME: No breakthrough was observed after 3.1 hours.
4. MIN DETECTABLE LIMIT .21 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 ails
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. :: -

3.
4. :5. __ _ _ __ _ _ __ _ _ _ __ _ _ __ _ _ _

6.:
I ~~ ~~7. : , .: ,: ,..

9.:: "
10.:::

:;Samples were run by Denise McDenald on April 8. 1987.
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CRNMICAL PROTICTIVE CLOTHING PRODU~CT &VALUATION RECORD

1. DESCRIPTION OF PRODUCT TVALUATED

1: TYPE: Teflon
2: PROTEiCTIVE 1ATRIAL COW : 09_._._.
3: CONDITION BEFORE TEST: Unused, no visible Imyerfectlona
4: MANUFACTURER: Dulont
5: PRODUCT XOTIFICATION: Visor
6: LOT OR iANJFACTURER DATE: ..A
7: NOMINAL THICINESS: 11-13 all
8: DESCRIPTICH: Matarial was a white trans arent sheet. Sample we, creased usinl

CHENFAB Fold Resistance Test procedure of 5 September 1956.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute. 9063 Be*.. •avee Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp
3. TEhPERATURE: 22-254C
4. COLLECTION MEDIU-: N.
5. COLLECTION SYSTE.: N2
6. OTHER CONDITIONS: I Inch calls were used./Detector Temperature - 60C.
7. DEVIATIONS FROM AS3F739 IMTHOD: Flow rate to cells were 100 cc/mi.

S3. 4..QALZ, UN CHWAL 2 a Co I5w a j 3

1. CHEN NAlE(s) : Methanol : NIA a N/A
2. CS WUHERfs): 811-98-3 '/A • A
3. oCnc. (IF Xax) N/A N/A : N/A
4. CHEI1CAL SOURCE:Fisher .NA A LA

4. TEST RESULTS

1. DATE TESTED: 4-16-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 3 hours
A.. MIN IETECTABLE LIMIT 1.42 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SaMPLE THICKNESS: 12 mils
7. ,iLECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. : *

3.
4. .

5. _ _
6. : : _
7 .,,:...

10.'::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 16, 1987.

14
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 093: CONDITION BEFORE TEST: Unused, n~o visible imperfections
4: MANUFACTURER: Dupont ._.
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER hA&TE: N/A
7: NOMINAL THICKNESS: 11-13 mil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST ME:THOD

1. IESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-250C
4. nOLLECTION MEDIUM: Nj
5. COLLECTION SYSTF-4: N2
6. OTHER CONDITIONS: I inch cells were used./Detector Temperature - 1OOC.
7. DEVIATIONS FROM ASTM, F739 METHOD: Flow rate to cells were 100 cc/mmn.

3. CHALLENGE CHEMICAL : COMPONENT 2 :3

1. CHEM NAME(s) : Nitrobenzene : N/A I,/A
2. CAS NUMBER(s): 98-95-3 : N/A N/A
3. .ONC. (IF NIX) N/A N/A N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A : N/A

4. TEST 'RESULTS

1. DATE TESTED: 4-9-87
2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTHROUGH TIME: No breakthrough was observed after 4 hours.
4. MIN DETECTABLE LIMIT .04 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENLRATION : CONCENTRATION CONCENTRATION
1. .

2.
3. :___:4. __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ _

5. : :__________________________

7. :____
8.
9.
10. :_:_:

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 9, 1987%

I-I
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor

6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL &IAICIOESS: 11-13 oil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

I. 1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-256C__
4. COLLECTION MEDIUM: N,
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells were 100 cc/min.

'. CHALLENGE CHEMWL :.O C OWNT .2 3

1. CHEM NAME(s) : Tetrachloroethane : N/A : N/A
2. LAS NUMBER(s): 79-34-5 N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

j1. DATE TESTED: 4-24-87
2. NUMBER OF SAMPLES TESTED: Three
3. BRE.KTHRIUGH TIME: No breakthrough was observed after 3 hours.
4. KIN DETECTABLE LIMIT .38 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils

7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.4. : _________________

5.
6. : :
7. : :
8. .

10.:::

j:'I 8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 24, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTIRER: Dupont
5: PRODUCT IDENTIFICATION: Visor

- 6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 11-13 nil
8: DESCRIPTION: Material was a white transparent sheet. Sample was creased using

2CHEMFAB Fold Resistance Test procedure of 5 September 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Roead Austin TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TDEPERATURE: 22-25"C

1 4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: _ N2
6. OTHER CONDITIONS: 1 inch cells were used./Detector Temperature - 60C.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cells were 100 cc/min.

3. CODJAENCE HWEICAL I - C(MYDET 2 13

I. CHE NAME(s) : Tetrahydrofuran N/A N/A
2. CAS lUMBER(s): 109-99-9 N/A N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich :N/A: t

4. TEST RESULTS

•1 1. DATE TESTED: 4-16-87

2. NUMBER OF SAMPLES TESTED: Three

3. BREAKTHROUGH TIME: No breakthrough was observed after 3.2 hours.•1 4. MIN DETECTABLE LIMI'T 1.44 ppm

5. STEADY STATE PERMEATION RATE Np A
6. SAMPLE THICKNESS: 12 mils

7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. : :
3.::
4.:::

5. .

6. :
7. . :
8. : :

I. 9. :10.:::

I 8. OTHER OBSERVATIONS:________________ ___________

t 5. SOURCE OF DATA
iSamples were run by Denise McDonald on April 16, 1987.

I187Id



-o

0 a0
o U3

cm,)
>m

W6

add VO :u~nT-Ie

Co .) Q udd too een

0l a -. 4Ut-4gSCa

Co, 4*e-L, 4J*Q 0aQ 0 CC
a - 4 0 0

ai '-E 4*4*UJIQ N

5-4 4* C

*-f 0 4 14

0.C , $4
a) A a 0 a. II

(U)4



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon

2: PROTECTIVE M-ATERIAL CODE: 09
3: CONDITION BEFORE TEST: Unused, no visible i-perfte•ions
4: MANUFACTURER: Dupont
5: PRODUCT IDENTIFICATION: Visor
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKN.ESS: 11-13 ni
8: DESCRIPTION: Material vas a white transparent sheet. Sample was creased using

CHEMFAB Fold Resistance Test procedure of 5 Septembe:, 1986.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-254C ___

4. COLLECTION MEDIUM: N7

1 5. COLLECTION SYSTEM: kN
6. OTHER CONDITIONS,* I inch cells were used./Detector Temperature - 60C.
7. DEVIATIONS FROl AS?4 F739 METHOD: Flow rate to cells were 100 cc/min.

3. CHALIENG CEKICAL I COMtEM T 2 - 3

1. CHEM NAME(s) : Toluene N/A N/A
2. CAS NUMBER(s): 108-88-T -N/A : N/A
3. CONC. (IF MIX) N/A : N/A : _ _/A

4° CHW=AL $S0Z.CMallinckrodt, N/A N/A

- 4. TEST RESULTS

I 1. DATE TESTED: 4-24-87
I 2. NUMBER OF SAMPLES TESTED: Three

3. BREAKTHROUGH TIME: No breakthrough was observed after 3.3 hours.
4. MIN DETECTABLE LIMIT .40 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 12 mils7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3. :_: :
4..
"7 ________,__ : _________________ ______________ ________________

II ~ ~5.: :
I ~~6.:- :

•i ~ ~9. :'i'
I 10. : :

i•J 8. OTHER OBSERVATIONS: _,

5. SOURCE OF DATA
Samples were run by Denise McDonald on April 24, 1987.
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APPENDIX G

PERMEATION TEST DATA FOR INNER GLOVE MATERIAL SAMPLES

(Data Provided by Texas Research Institute Under Contract)



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANLTACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR 1ANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Repearch InstituLe, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: NW ......
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 Inch cell was used./ Detector Temperature - 100C.
7. MIAMI015 TROM ASMI-7739 THOD Flow Teas WO 100 ccfaim.

J3. •LE= CENI .= : CIWO72

1. CHEM ?VA,'1(s) : Acetone : N/A : N/A
2. CAS NUMBER(s): 67-64-1 N/A N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 12-17-86
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIE : 2.5 minutes
4. MIN DETECTABLE LIMIT .75 ppm
5. STEADY STATE PERMEATION RATE 128.87 ug/cm2*hr
6. SAk•PLE THICInESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCFhTRATION : CONCENTRATION : CONCENTRATION
1. :
2. " : :i ~~3.: :

4.
5. : •

6. :
7. : :
8. " ::.

9. : :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 17, 1986.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible -iperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner &love sheet stock
6: LOT OR MAN`UFACTURER DATE: N/A
7: NOMINAL THICINESS: 7-9 mils
8: DESCRIPTION: __in in _l

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp.
3. TEMPERATURE: 2?-25*ZC
4. COLLECTION MEDu1: N7
5. COLLECTION SYSTEM: - N
"6. OTHER CONDITIONS: I , inch cell was used./Detector Temperature 100C.
7. MVIAT02M nRom ASTH 1739 METHOD: View Tate em log coulm.

,.; J WALL.• CREMMU I COMPOWE.N 2- 3

1. OIRM NAI'•(s) : Acetone N/A' N/A
2.CAS W2UI3Z(s) 37-ZZ-1 __________ ___________

3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A N/A

4. TEST RESULTS

I. DATE TESTED: 12-18-86
2. NUMBER OF SAMPLES TESTED: One (Run I1)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .85 rei
5. STEADY STATE PERMEATION RATE 145.66 ug/cm *hr
6. SAMPLE THICIKNESS: 7 ails
7. SELECTED DATA POINTS NIA

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :
2. : :
3 .• .
4.
5. :__ _ _ _ __ _ _ _ _ _ __ _:__ __ _ _ _ _ _ __ _ _ _ __ _ _ _ _ _

6. • :
7. :
8. :_:_:
9.
10. :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Sample was run by Denise McDonald on December 18, 1986
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CHEiICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I i.DESCRIPiION OF PRODUCT EVALUATED

I: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible impertections
4: MANUFACTURER: Cheafab Corp.
5: PRODUCT IDENTIFICATION: Inner &love sheet stock
6: LOT OR KkNUFACTURER DATE N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DE S CRI PT I ON: _

2. TEST METHOD

1. TESTING LABOkATORY: Texas I-search Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METiOD: Continucus photoionization detection with a 10.20 eV latp
3. TEMPERATURE: 22-25-C
A. COLLECTION MEDIUM: N2
5. COLLECTION SYSTDE: N2
*. OTHER COJ=TUOM.- I Inch cell was used-/ Detector TgejL&!tza l46C.
7. 'EVIAqIONS FROM AS•TF739 3METHOD: Flow Talte was 100 cc/iu.

3. CRCL=G 10= CGW2DW=N 2 z.

1. CHEM NA••E(s) : Acetone : NIA - N/A
2. CAS NUMBEP(s): 67-64-1 t4/A N__ _ _A

3. CONC. (IF MIX) N/A : N/A NIA
4. CHEMICAL SOURCE:Mallinckrodt : N/A I II/A

I .- TEST RESULTS

" 1. DATE TESTED: 12z18-96
2. NUMBER OF SAMPLES TESTED: One (Run III) .....
3. BREAKTHROUGH T : 2.5 minute.s-
4. MIN DETECTABLE LIMIT .89 ppv. _

5. STEADY STATE PERMEATION RATE 145.58 U--/cm2/h

6. SAMPLE THIC!OnESS: 7 mils_.......
7. SELECTED DATA POINTS N/A.

TIM : CONCENTRATION CONCEN7RATION : CONCENTRATION

2._: : -

4. :
.5.: :
6.:::
7.:::

9.:::

10. ::

8. OTHER OBSERVATIONS: ___________________________

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 18, 1986W,
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CHEDl1CAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: LESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Gas Chromatography
3. TEMPERATURE: Ambient
4. COLL.ECTION MEDIUM: Charcoal
5. COLLECTION SYSTEM: Charcoal
6. OTHER CONDITIONS: 1 inch cells were used.
7. DEVIATIONS FROM ASTM F739 METHOD:

3.. RAV.EU OMWEI1CAL I~ CXWOWEJ 2 - 3

C. OIEM NAjM(a) : Acetonitrile : N/A : N/A
2. CAB U•MAW(s): 2206-26-0 : N/A :_N/A
3. CONC. (IF MIX) N/A : N/A N/A
A. QIEMICAL $0MC.E:jjsher-Psticide : N/A : N/A

Grade : N/A : N/A
4. TES7 RESULTS

1. DATE TESTED: 2-06-87

2. NUMBER OF SAMPLES TESTED: Three
3. BREAKTiiROUGH TIME: 5.0 minutes
4. MIN DETECTABLE LIMIT 0.6 ppm
5. STEADY STATE PERMEATION RATE (Averaze) 62 (ug/cm*hr)
6. SAMPLE THICKNESS: 19-20 mils
7. SELECTED DATA POINTS 60,80,100, and 120 minutes

ug/cm2 *hr ug/cm2 *hr ug/cm2 *hr
TIME : Cell I : Cell 2 : Cell 3

1. 60 minutes : 60 : 67 : 73
2. 80minutes : 53 : 70 : 64
3. 100 minutes : 59 : 61 : 52
4. 120 minutes : 57 : 65 : 60
5.
6.
7. :
8.
9.
10.

8. OTHER OBSERVATIONS: The first sample was collected 5 minutes after initiation of
testing. All subsequent samples were collected at 20 minute intervals.

5. SOURCE OF DATA
Samples were run by DenIse McDonald on February 6, 1987?
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: NIAI 7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TDIPERATURE: 22-250C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM : N2
. UOTEM1 WNDflONS: 1 inch cell was used. /Diectoer 4t u • .0C.

7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate was 100 cc/min.

.- 3. Utm1 : C1 MOM IT 2 Z 3

1. CHEM NAME(s) : DithloaTethane : W/A : N/A
2. CAS NUMBER(s): 75-09-2 N/A : N/A
3. CONC. ,IF MIX) N/A N/A : N/A
4. CHZMICAL SOURCE:Fisher N/A • N/A

1 4. TEST RESULTS

I. DATE TESTED: 1-28-87
2. NUMBER JF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.57 ppm ___________

5. STEADY STATE PERMEATION RATE 487.10 (ug/cm4*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIE : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : :
2.
3. :

6. :
7.
8.•1 ~~9.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 28, 1987.
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CHE~CALPROECTVE LOTINGPROUCTEVALUATION RECORD

IDESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock ______________

6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL THICKN4ESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-256Co
4. COLLECTION MEDIUM: N2!I,.
5. COLLECTION SYSTEM: N-
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature * 60C.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate was 100 cc/min.

3. CHALENCN CHEMICAL 1 : COIPDE!qT 2 3

I. C1 NAE(s) : Dichloromethane N/A N/A
2. CAS IWL.BER(s): 75-09-2 : N/A . N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Fisher : N/A : N/A

4. TEST RESULTS

j 1. DATE TESTED: 1-29-87
2. NUMBER OF SAMPLES.TESTED: One (Run II)
3. BREAIXHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.57 ppm
5. STEADY STATE PERMEATION RATE 507.95 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2. : : :
3.
4.
5.

.I ~~6.::
7.il ~ ~8. ::

9.
10.

J 8. OTHER OBSERVATIONS:

5.* SOURCE OF DATA
,1 Sample was run by Denise McDonald on January 29, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 04 4
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4:MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 ails
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPER.ATURE: 22-25OC
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N?

o6. 0TJR C.,D1T1OSz: 1 Inch call was used./Det•e.or T .atu ure- .60C.
"7. 7 kVIA'1nS T•10.AM & 7h f39 METHO-. 71ow Tate was 100 ccf zdn.

3. CRA14ENZ C8ermICA7 I CI*IOEMT 2 .3

1. CHEM WAME) : Dichloramethane N/A N/A
2. CAS ILMBER(s): 75-09-2 N/A N/A
3. CONC. (IF MIX) N/A N/A N/A
4 CHEMICAL SOURCE:Fisher N/A N/A

4. TEST RESULTS

1. DATE TESTED: 1-29-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.60 ppm
5. STEADY STATE PERMEATION RATE 498.52 (ug/cm'*hr)
6. SAMPLE THICKNESS: 7 ails
7. SELEC.T.ED' DAT.A POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTR• ION

2.
3.
4.
5. :
6.
7.
8..
9. : :
10. : :

8. OTHER OBSERVATIONS:

5, 7)URCE OF DATA
Sample was run by Denise McDonald on January 29, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I : TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
t,: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25,C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSfEM: N2
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature 60C.

7. WVIAF1ONS TROK A fI739 •GTHOD: Flow Tatega m 100 at/Wa.

3. CiiLLLNZE ~MiEMJWL . CONIOEW 72 J 3

1. M NA.E(s) : Diethylamine N/A : N/A
2. W NI1.M±BR(s): JC'9-89-7 N/A N I/A
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEDICAL SOURCE:EN Science . N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-2-87
2. NUMBER OF SAMPLES TESTED: One(Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 4.75 ppm
5. STEADY STATE PERMEATION RATE 1124 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N!A

TIME : CONCLNTRATION CONCENTRATION : CONCENTRATION
1.: :

2.
3...
4..
5.
6. :
7. :
8. .

9. :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
-Sample was run by Denise McDonald on February 2, 1987.
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CHDEICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRI P71O0N OF PRODUCT EVALUATED

I: TYPE: Te flflon__ __

2: ?ROTECTIVE MATERIAL CODE: 044
3" CONDITION BEFORE TEST: Unustd, no visible imperfections
4: MANUFACTURER: Cheafab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 ails
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves road, Austin, TX

2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TM.1PERATURE: 22-254-C
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTE4M: N2
6. 01THER CO.D.IrONS. I Inch cell was u-sed-./Dae r Toeatzure - AOC.
7. 1XVIDM S TROm ASDI F739 METHOD: 71w Tate was 100 cc/f•i.

3. OALELEMCA. I: CUMJ7 1 3

1. CHEM NAME(s) : Diethylamine : N/A : N/A
2. CAS NUMBER(s): 109-69-7 tI/A 2 N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:EM Science - N/A N/A

4. TEST RESULTS

1. DATE TESTED: 2-3-87
2. NUMBER OF SAMPLES TESTED: One (Run I I
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 4.72 ppm
5. STEADY STATE PERMEATION RATE 1116 (ug/cuz*hr)
6. SAMPLE THICLNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION : CONCENTRATION
1.
2.
3.

4.
5. :
6.
7. : :
8.

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on February 3, 1987.
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CHEHICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODF: 044
3: CONDITION BEFORZ TEST: Unuse4d no visible imperfections -

4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner &love sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICrNLSS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25"C-
4. COLLECTION MEDIUM: N,2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cell was usaedoDe.•tcto: Teajp zatur 60C.
7,. UD• f To i AMSh F739 METHOD: 710W Tate VC 100 "_filn.'

J3. CHA L : CUEN .2 3

1. O[M WJA.•M(s) : Diethylamine N/A N/A
W. A £lliR(s): 109-89-7 : i /A N/A

3. CONC. (IF MIX) N/A N/A : NIA
4. CHEMICAL SOURCE:Ek Science N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 2-3-87
S2. NUMBER OF SAMPLES TESTED: One (Run III)

3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 4.60 ppm
5. STEADY STATE PERMEATION RATE 1072 (ugicm*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
1. .

2.
3.
4.
5.::

S8. :* .

9. :

9..

10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on February 3, 1987.
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j CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

"1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-256C
4. COLLECTION MEDIUMI: N-,

Sb. COL•LA 20.S SYSM:_ N2
6. OTHER CONDITIONS: 1 inch cell was used./Detector TeMpeTatUTe - 60C.
7. DEVIAZZONS FROM ASIM F739 MZTHOD: Flow rate was 100 cc/m=n.

3. IXLr:E M 1 : IOMMWEXT 2 3

1. CHEM NA.E(s) : Dimethylformamide : N/A IN/A
2. CAS NLMBER(s): 68-12-2 N/A : N/A
3. CONC. (IF MIX) N/A N/A N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A N/A

4. TEST RESULTS

1. DATE TESTED: 1-27-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .28 ppm
5. STEADY STATE PERMEATION RATE 49.19 (ug/cmz*hr)

* 6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TI. : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3.
4..

6.
7. : :7. __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _:__ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
8.::

9.
10. •

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 27, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION- Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION: -- __,,_ _

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TEPERATURE: 22-25*C
4. COLLECTION MEDIUM: N?_
5. COLLECTION SYSTEM: N?
t. OTHER CONDITIONS: I iurcb cell was used./Detector ZenmTrature 60C.
7. DEVIATIONS FROM AST§ F739 5NTHOD: Flow rate was 100 cc/rin.

3. CinI•LN CIM22CAL 1 : COMPio3RM 2 3

1. CHEM NAME (s) : Dimethylformamide : N/A N/A
2. CAS NLMIBER(s): 68-12-2 N/A N/A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1:27-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .30 ppm
5. STEADY STATE PERMEATION RATE 38.73 (ug/cmi*hr)
6. SAMPLE THICKNESS: 7 mils

" 7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.
4. :
5.
6.
7. :
8. :
9. :
10.

8. OTHER OBSERVATIONS:

. 5. SOURCE OF DATA
Sample was run by Denise McDonald on JanLutry 27, 1987.

i .... ......... .. ..... .. .. ... .. .. ... .. .. ... .. .. ... .. ...... .. ... .. .& -2 -3 1



00

7

A0

70i

747h

cc a

0)

o -

Cl, 
67 

- I _ _ _ _



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTf7RER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2, ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
7. TEMPERATURE: 22-25TC
4. COLLECTION MEDIUM: N2 -

5. COLLECTION SYSTEM: N?
IL. HEER CONDITIONS: I inch cell was use&. /Detecor Teiperature 760C..
7. DEVIA:IONS FROM ASTM F739 METHOD: Flow rate was 100 cc/min.

3. C A11M : CA01?UE2T 2 3

I. CHM! .ŽfE(s) - 14,merhyl-forsamide " N/A N/A
2. CAS NLU'MBER(s): 68-12-2 N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Mallinckrodt : N/A . N/A

4. TEST RESULTS

1. DATE TESTED: 1-28-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .29 ppm
5. STEADY STATE PERMEATION RATE 40.42 (ug/cm2*hr)
6. SAMPLE THICLNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
1.
2.
3. :
4.
5.
6. . :
7.: :
8.: :

9. . :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Samole was run by Denise McDonald on January 28, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

"1 .DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Ccrp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUWACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mil
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with 10.20 eV lamp.
3. TEMPERATURE: 22-250C
4. COLLECTION lEDIUM: N?
5. COLLECTION SYSTDI: N2
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature - IOOC.
7-. •V1ATfU S TROMl ASTW "739 METHOD: Flow Tave ws 201) ccf/t .

3. CHWJI.Ng CELM1CAL 1 : CDPONENT 23

1. CHdI 1qA.-(s) : Ethyl Acetate _ __/A" V __IA

2. CAS NUMBER(s): 141-78-6 NI/A : /A
3. CONC. (IF MIX) N/A : N/A N/A
4. CHDIICAL SOURCE:E! Science : N/A N I/A

S4. TEST RESULTS

1. DATE TESTED: 12-17-86
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LI•tT .87 ppm
5. STEADY STATE PERMEATION RATE 282.68 ug/cm21hr
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TI. : CONCENTRATION : CONCENTRATION : CONCENTR.ATION
1.

3.
4.
5.
6. :
7.

9. : :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 17, 1986.
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CHEM!ICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION; OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A __... .__
7: NOMINAL THICKNESS: 7 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. T01PEL'.T=RE: 22-250C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTDI: N?
6. OTHER CONDITIONS: I inch cell was used. / Detector Temperature - 1OOC.
7. DEVIATIONS FROM AST." F739 METHOD: Flow rate was 100 cc/min.

3. CHALLENGE CHEMICAL 1 : COMPONENT 2 3

I- CM ?;A:!(s) : Eth~yl keetate __ 51A____via__
2. CAS h•NBER(s): 141-78-6 : N/A 1N/A
3. CONC. (IF MIX) N/A N/A N N/A
4. CHEkA'ICAL SOURCE:EM Science :N/A . N/A

A. TEST RESULTS

1. DATE TESTED: 12-17-86
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .89 ppm
5. STEADY STATE PERMEATION RATE 269.64 ug/cm2*hr
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCETh"ATION : CONCENTRATION : CONCENTRATION
1.
2.
3.
4.
5.
6.
7.:
8. :
9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 17, 1986.
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CHED"lCAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon_______
2: PROTECTIE MATERIAL CODE: 044
3 : CONDITION BEFORE TEST: Unused, no visible imperfections

4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDEN"IIFICATION: Inner glove sheet stock
6: LOT OR 'ILANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mil
8: DESCRIPTION: _________________________________

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with 10.20 eV lamp.
3. TDIPER.ATURE: 22-25%
4. COLLECTION H UMH: N2
5. COLLECTION SYSTDI: N2
6. OTHER CONDITIONS: 1 Inch cell was used./Detector Temperature - OOC.
'I . TEVIAr M, TROY, ASM T739 METHOD: Flow rate was 100 rt/mi-n..

3. AU MLVJ Qi1mical I COMMENT 2 .3

1. CHEM NAýM(s) : Ethyl Acetate : /A .NIA

2. CAS NLIMBER(s): 141-7- 6  .N/A . /A
3. CONC. (IF MIX) N/A .NIA .N/A

4. CHEMICAL SOURCE:EM Science :NIA .N/A

j 4. TEST RESULTS

1. DATE TESTED: 12-17-86
2. NUMBER OF SAMPLES TESTED: One (Rur III)I3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT.90 ppm
5. STEADY STATE PERMEATION RATE 258.24 ua/cur'/hr
6. SAMHPLE THIC1OZESS: 7 mils

7. SELECTED DATA POIN`TS, N/A

T IME CONCENTRATION CONCENTRATION : CONCENTRATIONI ~1.
2.
3. __ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

4.*

5.
6..
7.
8.
9..
10.

8. OTHER OBSERVATIONS: _____________________________

5. SOURCE OF DATA
yk Sample was run by Denise McDonald on December 17, 1986.
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1_ CII:'ACAL PROTECTI\'E CLOTHING PRODUCT EVALUATION' kEC PR )

I| O. DESC|1 J tN OFT 11101tUCT EVALU1ATEI)

2: PROTECTiVE ILA7EKIAL CODE: 044
I 3: CCNDIT1iO BEFORE TEST: Unused no v'isible itperfections

I4: NANLTACTU• RCherffab Corp..
5: PRODUCT IDEN'TIF1CATIUN: Inner glove sheet ctockI 6: LOT OR MAXUFACTURER DATE: N/A
7: NO:lNAL TH1CKN`SS: 7 mils..
8: DESCRIPTION:

I2. TEST ?£THOD

I 1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road Austin TX
2. ANAL1`TICAL MTHOD: Continuous photoionization dieectionwi7Ith7IOV.20 eV lamp.
3. TEMPERATURE: 22-25"CI 4. COLLECTION MEDi•:: N_2
5. COLLECTION SYSTD'.: N_2
6. OTHER CONDITIONS: 1 inch cell was used. / Det'ctor Temperature - IOOC.
7. DEVIATIONS FROM AST" F739 METHOD: Flow rate was 100 cc/min.

3. Uth=NM M1ICM. 1I CMOMWENT~ 2 3

I- CAE NAIX(s) : Hexane : N/A - I/A
2. CAS ,MMBER(s): 110-54-3 : K/A KIA
3. CONC. (IF MIX) N/A : NIA : NIA
4. CHDICAL SOURCE:Aldrich NIA: NIA

I 4. TEST RESULTS

I 1.DATE TESTED: 12-22-86
2. NUMBER OF SAMPLES TESTED: One (Run I) ... .....
3. BREAKTHROUGH TIME: 2.5 minutes

I 4. !I'fN DETECTABLE LI,2T 9.12 ppm
5. STEADY STATE PERMEATION RATE 1898 ug/cm2/hr
6. SANPLE THICMhtSS: 7 mils
7. SELECTED DATA POINT'S F/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.4

5. :_:_:
6. :
7. : :
8.
9.
10.:::

8. OTHER OBSERVATIONS:

S5. SOURCE OF DATA
Sample was run by Denise McDonald on December 22, 1986.
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CEEL:IC~kL PJROTECT1VE CLOTHING PIROID'CT EVALUATION RECORD

2. DL'SCI<1P7iU)N OF PKRC1U7' EVAL1ATED

1: TYPE: leflon

2: PROTECTIVE I.IATEk1AL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFIACTURER: Cherfab Corp.
5: PRODUCT IDEN'TIF1CATiON: Inner Clove sheet stock
6: LOT OR 11ANUFACTURER DATE: N/A
7: NOHINAL THICKNESS: 7 mils
8: DESCRIPTION<:

2. TEST M-THOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TDIPERATURE: 22-25*C
4. COLLECTION IEDlUM.: N2
5. COLLECTION SYSTL2I: N2
6. OTHER CONDITIONS: I inch cell was used. / Detector Temperature - lOOC.
7. DEVIATIONS FROM AST- F739 =9 THOD: Flow rate was 100 cc/mmn.

3. UR&I.•,T: M.1CAL I : COIMN7 2 .3

I. CHEM KM (s) : Hexane . N/A : N/A
2. CAS MIER(s): 110-54-3 N/A NIA
3. CONC. (IF MIX) N/A N/A N/A
4 4. CHDMICAL 6OLUCE:A1,drtch X/A N/A

4. TEST RESULTS

1. DATE TESTED: 12-22-86
2. NUMBER OF SAMPLES TESTED: One (Run I1)
3. BREAKTHROUGH TIRE: - 2.5 minutes
4. MIN DETECTABLE LItMT 9.60 ppm
5. STEADY STATE PERMEATION RATE 1838 ug/cm2/hr
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TI1.£ : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :__ _ _ __ _ _ _ __ _ _ _ __ _ _ _ :__ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _
2. _ _
3. : ____
4.
5. ::

7.8. :__ __ _ _ __:__ _ _ __ _:__ _

9. _ :
10.

B. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 22, 1986.
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CEL'ICAL PROTECTIVE CLOTHING P1lU1CCT EVALUAT]ON Rl2COIU)

1. i.'LSC)I1 P7iON O1 P}, OI)U'CT EVALUATED

1: -TYPE: Teflon
2: PROTECTIVE Z4ATERIAL CODE: 044

3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: M•ALFACT ,RER: Chenfab Corp.
5: PRODUCT IDENTIFICATION: Inner ;]ove sheet stock
6: LOT OR tLTACTWRLR DATE: N/A
7: KO!MINAL THICKNESS: 7 mils
8: DESCRIPTION:

2. TEST .ETHOD

I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Romd, Austin, TX
2. ANALYT CAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TDIPERATURE: 22-25"C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: 1 inch cell wrs used. / Detector Temperature - 100C.
7. DEVIATIONS FROM ASfI! F739 METHOD: Flow rate was 100 cc/min.

CHALLENGE CHEMICAL a WM~1D1=l~ 2 .3

I. a*iti. NAýIX(s) : Hexane : N/A . N/A
2. M MBER(s): 110-54-3 : N/A . N/A
3. CONC. (IF XIX) N /A N/A . N/A
4. CHE'MICAL SOURCE:Aldrich N/A N/A

&. TEST RESULTS

1. DATE TESTED: 12-22-86
2. NIUBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TDIE: 2.5 minutes
4. MIN DETECTABLE LIMIT 9.68 ppm
5. STEADY STATE PERMEATION RATE 1810 ug/cm2/hr
6. SAMPLE THICIqESS: 7 mils
7. SELECTED DATA POINTS N/A

TI : CONCENTRATION : ONCENTRATION : CONCENTRATION
2..

3.
4. :
5. :_____ :____________________________________

7. :
8.
9.
10. :_:_ :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA

Sample was run by Denise McDonald o-a December 22, 1986.

S6,31
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I1 DESCRIPTION OF PRODUCT EVALUATED

1 : TYPE: Tef lon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfectionsI 4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

j 2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL MEETHOD: Continuous photolonization detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUR: N?
5. COLLECTION SYSTEM: N2
6. OTMER CONDIflONS: I inch nell was used./Detecor Teperature - bOC.
7. EVIXATIOWS FROM AIST F739 METHOD: Flow rate vas 100 cc/min.

S3.. : CCWO)NE,".2 3

1. CHEM NAME(s) : Methanol : N/A : N/A
2. CAS NUMBER(s): 811-98-3 : N/A : N/A
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE:Fisher : N/A : N/A

4. TEST RESULTS

I. DATE TESTED: 1-26-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLL LIMIT .65 ppmI 5. STEADY STATE PERMEATION RATE 20.21 (ug/cm2*hr)
"6. SAMPLE THICKNESS: 8 mils
7. SELECTED DATA POINTS N/A

4 TIME : CONCENTRATION CONCENTRATION CONCENTRATION
2. :__ _ __ _ _ _:__ __ _ _ __ _ _ _

3. _____

4.

6.

7. : :

8. .

9. :J 10.
8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 26, 1987.

NAAAC.AAAJýAt.A T~'~.A (\A r1,&dA.AA -J6LA rA MA PV k P A A, MUM PL F 1. nW & A ýWWM U N X UX I' f - w LNi Ir W v- \ l kd



caa

Cc

o o

- ~:~~mdd~no UfOj-



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.

5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION: __"_,_,.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 See Caves IŽd, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with .' 11.70 eV lamp.
3. TEMPERATURE: 22-254-'C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM:_ Nj
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature -6 0C.
7. DEVIATIONS FROM ASDh F739 METHOD: FL. _ rAte u. _00 _ _n....

3. CHALLENGE CHEMICAL 1: COMPONENT 2 : 3

2.. HE WA (s) : Methanol I /A UI&
2. CAS N", BER(s): 811-98-3 : N/A : N/A
3. CONC. (If M'IX) W/A t4/A :N/A
4. CHEMICAL SOURCE:Fisher : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-26-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .64 ppm
5. STEADY STATE PERMEATION RATE 15.54 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. .

2. : : :_'-
3. : :
4. :

6.
7. : : '_ _ _ " _
8. :9. :: .: "9.10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 26, 1987.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

S1@DESCRIPTION OF PRODUCT EVALUATED

fN1: TYPE: Teflon

2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Cor
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: T'oxas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 1!.70 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTE!: N2
. U02 CODITIONS: I inch cell was ased.fDezeczor T*Drar.we - 60C.

7. DEVIATIONS FROM ASDI F739 METHOD: Flow rate was 100 cc/min.

3.tMOM z 1 : COMPOMWT 2 3

1. CHEM NJA(s; : bethanol NIA N/A
2. CAS NUMBER(,M): 811-98-3 . N/A N/A
3. CONC. (IF MIX) N/A A N/A
4. CHEMICAL SOURCE:Fi'her : N/AFisherA N/A

A. TEST RESULTS

1. DATE TESTED: 1-26-87
2. NUMBER OF SAMPLES TESTED: One (Run I1I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT .65 ppm
5. STEADY STATE PERMEATION RATE 21.79 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION1.1. : :

2.:
3. :
4. :
5.
6. :
7.
3. :
9. : :
10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 26, 1987.
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h CHENICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

~ I i.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL. CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chiemfab Corp.
5: PRODUCT IDENTWIFICATION: Inner glove sheet stock
6: LOT OR MANLFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. TEST MLTHOD

1. TESTING LABORATORY: Texas Research Inst.&tute, 9063 Bee Caves Road, Austin, TX
2. ANALYTIICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TWiERATURE: 22-25*C _________________________I4. COLLECTION MEDIUM: N,.
5. COLLECTION SYSTEM: N-)
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature -100OC.
7.. MEW==C~ ThCO AM F739,HEE7MOD 72aw mze w=s Zoo e=Iazi.

'J. ZUALU=.N ZEM=ACL . COMFOSENI .2 .3

1. CRMI !JA2!(s) : Ritrobenzene W/A 111A
2. WA flUM3UR(s): 98-95-3 :N/A :N/A
3. CONC. (IF MIX) N/A~ NIA :/A

4. CHEMICAL SOURCE:]Mallinckrodt : N/A :N/A

4 . TEST RESULTS

1. DATE TESTED: 12-23-86
2. NUMBER OF SA'PL-ES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.50 minutes
4. MIN DETECTABLE LIMIT .13 ppm
5. STEADY STATE PEILMEATION RATE 57.18 ug/cmz*hr
6. SAMPLE TRICKNESS: 7 mils-
7. SELECTED DATA POINTrS N/A

TIME : CONCENTR.ATION : CONCENTRATION : CONCENTR.ATION

2.
3.

6.

8..

10.

8.OTHER OBSERVATIONS: ____________________________

5.SOURCE OF DATA
Sample was run by Denise McDonald on December 23, 1986
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRI~rION OF PRODUCT EVALUATED

1: T7PE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3" CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICICVESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25"C
4. COLLECTIO'N MEDIUM: N2
5. COLLECTION SYSTLM: N2
b. 4=34Er I),.WZONS- I inch cell was used./Detectoe rmera.•tn 1 00OC.
"7. mVA h-'3 IROM ASTM F739 METHOD-: low rate was c00 mcc/mn.

3. '- QJNG L 1 : CZEWAL UM 2 :3

I. CHEM NAMIE(s) : Nitrobenzene : N/A : N/A
2. CAS %MZIER(s): '98-95-3 : •/A :_NI_
3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURC :Mallinckrodt : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 12-23-86
2. NUMBER OF SAMPLES TESTED- One (Run II)
3. BREAKTHROUGH TIME: 2.50 minutes
4. MIN DETECTABLE LIMIT .14 ppm
5. STEADY STATE PER!MEATION RATE 55.97 ug/cm'/hr
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3.
4.

8. : :

191. :

, 8. OTHER OBSERVATIONS: :__________________________S6 -6
7

5.SOURCE OF DATA
Sample was run by Denise McDonald on December 23, 1986.
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CHDIICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTTVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-250C
4. COLLECTION MEDIUM: N __

5. COLLECTION SYST.I: N2
6. OTHER COMITIONS: I inch cell was used./Detector Tem erature - 100C.
7. - V tTDIO-, ThM AS!--F -39 �ETHOD: Flow rate was 100 tcc n.

3. ZLL,.EN. MMML .11. I C0.POM..7 .2 J 3

1. CHDI NAMVs' : Witrobenzene : N/A N/A
2. CAS 1MER(s): 96-9-5-3 : N/A : N/A
3. CONC. (IF MIX) NA : N/A : N/A
4. CHEMICAL SOURCE:Maliinckrodt : N/A : A7

4. TEST RESULTS

1. DATE TESTED: 12-23-86
2. NUMBER OF SAvNPLES TESTED: One (Run III)
3. BLEAKTHROUGH TIME: 2.50 minutes
4. MIN DETECTABLE LIMfIT .14 ppm
5. STEADY STATE PERMEATION RATE 57.79 ug/cm2*hr
6. SA&MPLE THICKNQESS: 7 mils
7. SELECTED DATA POINTS N/A

TI•E CONCENTRATION : CONCENTRATION : CONCENTRATION1. : :__ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ :__ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

2. :__ :
3.
4.

6. :
7. : :
8. : :

9. :
10O. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on D~cember 23, 1986

L.L.
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT ZVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionizativn detection with a 11.70 eV lamp.
3. TEMPERATURE: 22-256C_
4. COLLECTION MEDIUM: _N
5. COLLECTION SYSTEM: N2
t. OTHER CONDITIONS: I Inch cell was used. netecztr TeupemA3ue 6=F.
7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate was 100 cc/min.

.1. Vamc I :" COUPON= 23

1. CHEM NAME41s) * Zetatrhlo:uthame JN /A N/1A
2. CAS NUMBER(s): 79-34-5 : N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-29-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.81 ppm
5. STEADY STATE PERMEATION RATE 1189 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION

2.
3. .

4..
5.:::
6.:::

8.

9. :
10.

C. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 29, 1987.

G-5 I
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I
CHEZICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

I 1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visi"'%, imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stck
6: LOT OR MANUFACTURER DATE: NIA
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRIPTION:

I2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.I 3. TEMPERATURE: 22-250C
4. COLLECTION MEDIUM: N?
5. COLLECTION SYSTEM" N2
6. OI&R 1O)IOb. . 1 inch cell was used. /Aetector W4werature 60C.
"I. IVIATIO16 TROM ASMI F739 METHOD: Flow Tate yas 100 ec/cin.

1 : C=NC£ E ••" I C U7ff2 3

1. CHEM NAME(s) : Tetrachloroethane : N/A : N/A
* 2. CAW NUMMER(s): 79-34-5 f l/A N/A

3. CONC. (IF MIX) N/A N/A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A N/A

4. TEST RESULTS

1. DATE TESTED: 1-31D-37
2. NUMBER OF SAMLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.78 ppm
5. STEADY STATE PERMEATION RATE 1132 (ug/cml*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
I 1.

2.
3.
4. :
5. :•

6. . : :
1 7.

8. :

9.
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 30, 1987.

.•6-1
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKqNESS: 7-9 mils
8: DESCRIPTION:

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee l-ves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TDEPERATURE: 22-25-C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2

W . I CD)17DNS: 1 inch cell was used. /Dezettor 6epaxin -0C..

7. DEVIATIONS FROM ASTh F739 METHOD: Flow rate was 100 cc/min.

I3. 3, = I C~DloEWT2 2

I. CHEM NAME(s) : Teaachloroethane : N/A : N/A
2. CAS NL.BER(s): 79-34-5 : N/A : N/A
3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4I . TEST RESULTS

1. DATE TESTED: 1-30-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 2.92 ppm
5. STEADY STATE PERMEATION RATE 1049 (ug/cm*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. :
2.
3. -
4..

6.

9. 0 0

10.::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 30, 1987.

c-----
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CHDIICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDNTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 ails
8: DESCRIPTION:

2. TEST :fETHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization dttection with a 11.70 eV lamp.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEm: N2

46. oTHR CONnDTIONS. . inch ceel; was used./Detector Tmratur* - 60C.
7. 'MVIATIDOS TROM ASN7-F39 METHOD: Flow Tate was 100 ccd/n.

3. CAB"N= CIEMICAL 1 : COHPOIN 2 z 3

1. CHEM NAME(s) : Tetrahydrofuran : N/A • N/A
r 2 . CAS Iq'M•R (s) : 109-99-9 IQ /A N/A

3. CONC. (IF MIX) N/A : N/A : N/A
4. CHEMICAL SOURCE:Aldrich : N/A • N/A

i . TEST RESULTS

1. DATE TESTED: 1-30-87
2. NUMBER OF SAMPLES TESTED: One (Run I)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN LETECTABLE LIMIT 8.04 ppm
5. STEADY STATE PERMEATION RATE 1655 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 ails
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : ___
2. _ _ _ _:

3. :_:_ _

4. .

5. : : :
6. _ :__

7. : : :
8. : :__
9. .

10. : :

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 30, 1987.

-5 r
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CHDIICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

i.DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERIAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTUR.ER: Chemfab Corp.5: PRODUCT IDENTIFICATION: Inner glove sheet stock

6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 7-9 mils
8: DESCRAiT7'JN:

2. TEST METHOD

I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp..
3. TEMPERATURE: 22-254C
4. COLLECTION MEDIUM: N2
S. COU:CTION US=S:
6. OTHER CONDITIONS: 1 inch cell was used. /Detector Temperature * 6OC.
2. J•E ZI.TONS FROM AS21 F739 METHOD: Flow rate was 100 cc/min.

3. CRh•UENCE EMICAL : COMGONEWT 2 3

1. CHEM NAME(s) : Tetrahydrofuran :N/A :N/A
2. CAS NUMBER(s): 109-99-9 : N/A : I/A
3. CONC. (IF MIX) N/A : N/, . N/A

4. CHEMICAL SOURCE:Aldrich : N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 1-30-87
2. NUMBER OF SAMPLES TESTED: One (Run II)
3. BREAKTHROUGH TIME: 2.5 minutes

I * 4. MIN DETECTABLE LIMIT 9.57 ppm
5. STEADY STATE PERMEATION RATE 1905 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME CONCENTRATION : CONCENTRATION : CONCENTRATION
1.
2.
3. : *

4. *

5.::

6.

7.
8.
9. :
10.

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 30, 1987.

----- 6---
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

I I. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE MATERiAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICk'NESS: 7-9 mils
8: DESCRIPTION:

S2. TEST METHOD

1I. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 11.70 eV lamp.
3. TE4PERATURE: 22-25%C

S4. COLLECTION MEDIUM: N2
5. WLIZCTUN MYZML: W_2
6. OTHER CONDITIONS: 1 inch cell was used./Detector Temperature - 60C.
7. AEVI1A210 FZIIW A522 F739 MEiWD: Flow rate was 100 cc/min.

3. CULI.ZNr CHEMICAL I : COMPONENT 2 3

1. CHEM NAME(s) : Tetrahydrofuran : N/A : N/A
2. CAS NUMBER(s): 'IO9-99-9 : N/A : N/A
3. CONC. (IF MIX) N/A A N/A : N/A
4. CHEMICAL SOURCE:Aldrich N/A : N/A

. TEST RESULTS

i. DATE TESTED: 2-02-87
2. NUMBER OF SAMPLES TESTED: One (Run III)
3. BREAKTHROUGH TIME: 2.5 minutes
4. MIN DETECTABLE LIMIT 8 .99 ppm
5. STEADY STATE PERMEATION RATE 1882 (ug/cm2*hr)
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1.

2. _____
3.
4.
5.II6. ___ ___ ___

7. : :_:
8. .

9.10.:::

8. OTHER OBSERVATIONS:

5. SOURCE OF DATA
Sample was run by Denis-, McDonald on February 2, 1987.
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CF-Elr1CAL. PROTECTIVE CLOTHlNG PKODUCT EVALUATION IkLCOIa,

I. DLSCIPI'710. O1" PFO'UCT EVALUATED

1: TYPE: Teflon
2: PROTECTIVE IATERiAL CODE: 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Inner glove sheet stock
6: LOT OR I=UNLFACTURER DATE: N/A
7: NO.1iNAL THICKNESS: 7-9 mils
8: DESCRIPTION:

2. TEST KETHOD

I. TESTING LABORATORY: Texas Research Institut:, *.063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photolonization detection with a 10.20 eV lamp
3. TEmPERATURE: 22-25°C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEMk: N2
6. OTHER CONDITIONS: 1 inch cell was used./ Detector Temperature - 1OOC.
7. DEVIATIONS FROM ASTh F7"39 METHOD: Flow rate was 100 cc/min.

73. CHA1.U? VHEMICAI. I : CDOMEWM 23

1.' M C ZKA(s) : Toluene : N/A : H/A
2. CAS WIUBER(s): 108-88-3 :N/A :NA
3. CONC. (IF KIX) N/A N/AIA : _ _/A

4. CHEMICAL SOURCE:Tlallinckrodt : N/A N/A

.4. TEST RESULTS

1. DATE TESTED: 12-30-86
2. NUMBER OF SAMflPES TESTED: One (Run 1)
3. BREAKTHROUGH TIME: 2.50 minutes
4. MIN DETECTABLE LIMIT .39 ppm
5. STEADY STATE PERMEATION RATE Not measureable
6. SAMPLE THICKNESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : COiNCENTRATION
1.2. : :
2.3.: "

4. :
/ 

~ ~5.:::

6.
7. .

9.
10. :

8. OTHER OBSERVATIONS: Toluene broke through at a rate exceeding the limits of the
detection systems. The steady state permeation rate was greater than 500
ugIcm.4/hr.

5. SOURCE OF DATA
. Sample was run by Denise McDonald on December 30, 1986.

S----.
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CLItIECAL PROI'ECT1lVL CLOTII1NG PROiDUCT EVALUATION; RLCOuK

I .* Di.•.Inh'I:; 01 PRODUCT EVALUATEP

1: TYPE: Teflon
2: PROTECTIVE IIATERIAL CODE: 044I 3: CONDITIUN BEFORE TEST: Unused, no visible izperfecttions
4 : MANIVFACTURER: Chemfab Corp.
5: Y'RODUCT IDENTIFICATION: Inner glove sheet stockI 6: LIT OR MANUFACTURER DATE: N/A
7: NO!IINAL THICWE'ESS: 7-9 mils
6: DESCRIPTION:

S2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institutt._3063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization datection with a 10.20 eV latp
3. TD:PERATURE: 22-25C

I 4. COLLECTION MEDIUH: N2
5. COLLECTION SYSTEm: N2
6. OTHER CONDITIONS: 1 inch cell vas used./ Detector Temperature -16O0C.
7. DEVIATIONS FRO! ASTM: F739 METHOD: Flow rate was 100 cc/min.

'3. VRtMALM Ctfl~CAL COMPONEW 1 2 13

I I. WMI NXAXE(s) : To!.'ene NIA _ A
2. CAS Wt•MER(s): 108-88-3 N/A - N/A
3. COnC. (Ir MIx) NIA N/A N/A
4. CtEIfTCAL SOURtL:H4alnc'ro~dt :q 1•/A Nj

4. TEST RESULTS

I I. DATE TESTED: 1-15-87
2. NUMBER OF SAIPLES TESTED: One (RunII,)
3. BREAKTHROUGH TIME: 2.50 minutesI 4. HiN DETECTABLE LIMIT .44 ppm
5. STEADY STATE PERMEATIO RATE Not measureable
6. SAIlPLE THICKNESS: 7 mils
7. SELECTED DATA POINT-S N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1. : .

2.

S6.
7. : _ _5,, _ _ _ _ _ _ _ _ _ _

I 9.i9.I91. : :
10.

8. OTHER OBSERVATIONS: Toluene broke through at a rate exceeding the limits of the
I l detection systems. The steady state permeation rate was greater than 500

ug/cm2/hr.

5 . SOURCE OF DATA
Sample was run by Denise McDonald on January 15, 1987.
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CHE':ICAL PROTECTIVE CLOTHINc PRRI)UCT EVALU;ATION RECORD

SI, I.CDEs•,i"rl, OF rRO11UICT E\V.ALUTED

1: TYPE. Teflon
2: PRuTECTI''E KLATEKIAL CODL:. 044
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4 : ýNUFACTURER: Chemfab Corp.
5: PRODUCT lDENtl1FCATlO: Inner 'love sheet stock
6: LOT OR t1ANUFACTURER DATE: N/A
7: hONAL THlCMhESS: 7-9 mils_.......... . . .._ _

8: DESCRIPTiON:

2. TEST tgTHOD

I. TESTING LABORATORY: Texas Research Institute,90 6 3 Bee Caves Road) Austin, TX
2. ANALYTICAL METHOD: Continuous photoionizai.on detection with a 10.20 eV lamp
3. TEMPERATURE: 22-25*C_
A . COLLECTION 4HEDIMI: N2
5. COLLECTION SYSTLJ,: N2
6. OTHER CONDITIONS: 1 inch tell was used./ Detector Temperature 1 OOC.
7. DEVIATIONS FRON ASTM F739 MTHOD: Flow rate was 100 cc/min.

I. VMMM OVtI1CAL 1 : MK2I .2 .3

3. CHEM W,(•() : Toluene N N/A N/A

2. CAS 1MMXK(s:): 106-88-3 N/A ./A
3. CONC. (IT MIX) N/A "NI:__/A"_-_-- l" t
4. V14LMICAL SOURCEMo2Inckzrodt N/IA__________

4. TEST RESULTS

* 1. DATE TESTED: 1-15-87

2. WMIBER OF SAMPLZS TESTED: One (Run 1Ii)
3. BREAKTHROUGH TIME: 2.50 minutes
4. tIN DETECTABLE LIMIT .47 ppm'
5. STEADY STATE PERMEATION RATE Not measureable
6. SAM1LE THICiKESS: 7 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCEMTRATION : CONCEhTRATION

1.

3. _ :__
,4/. _________________________ __________5.

6. :_:_:
7 . . : .... .. .. _:_....

8.
9. :
10.

8. OTHER OBSERVATIONS: Toluene broke through at a rate exceeding the limits of the

detection systems. The steady state permeation rate was greater than 500
u&lcm"/hr•. .... . .. . .

5. SOURCE OF DATA
Sample was run by Denise McDonald on January 15, 1987.
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APPENDIX H

PENETRATION TEST DATA FOR SEAM AND CLOSUUZ SAMPLES

(Contract Report by Mderson Associates)



Penetration and
Degradation Tests of
Selected Samples

Final Report
August 1986

Anderson Associates



Penetration and Degradation Tests
of Selected Samples

Lv .......... .l A p mro. l l"L'•.n•tr.::-:.:..-.

This wa6 a two-part The approach used in Four materials were
study. One part was to the penetration test was the tested:
conduct tests for the ASTM Standamd Test
resistance of Challenge Method for Resistnce of i. ctanenge 510o/
5100 seams, neoprene Protecive Clothng Chalnge 5100 Seam
zippers, and Teflon glove Matedals to Penetration by 2. Chalenge 5100/
material to penetration by Uquids (Designation: F903- 10 rol FEP Seam
five chemicals; the second 84)(Appendix i); and that
part was to evalulate butyl for degradation was Test 3. r Talon zper on neoprene

obberbs $or AbWWO kY(E~hdiW ."tirw,
nsistance to doTdatbon Pmtsft Cbfomg
by fiften chemicals. Matertabs For Resistanve b

Degradaton by I ft
Chemicals (Designaonoo: t wtf wm stulied
W#06H 200-84-2702 for orlratEihof by Aive
Deg(Revision 4))(Appencdx chemicals: water, hexane,
Hi). Penetration is defined toluene, methyl ethyl
in the method as the flow of ketone, and hydrochloric
a chemical through acid. The method was
closures, porous materials, essentially that described
seams and pinholes, or In the Standard except that
other Imperfections in a expandable Teflon tape
protective clothing material was used in place of the
on a nonmolecular level. rubber cell-gasket for
Degradation Is defined as a samples like seams that
deleterious change In one varied in thickness. It was
or more physical properties also necessary to tighten
of a protective clothing the nuts that hold the cell
material due to contact with together to about 15 lbs
a chemical. wath a torque wrench. To

minimize the amount of
iquid leaking, the cell was
filled only to cover the test
material when it was in the
horizontial position and the
air pressure was reduced
to I psig (in accordance

,x,, with LWtest draft version of
IP~sWV- andD~wa*-vst Cwiw Avwy P.ot Q CT 4OLW4M the method).

Il,



Figure I(s) shows the onnoteo ndatlon
standard penetration Coll. It
was necessary to us* a Butyl rubber gloves Zipper Test Cell

different cell for testing the from North Hand The zipper test cell

zippers (Figures 1(b) and Protection, a division of should be revamped. First,

- (c)). The cell was Slebe North, Inc., were the gap between the

designed by MSTC Walks evaluated for resistance to plexiglass and the frame of

and constructed at the U. S. degradation by: the cell is a potential
Coast Guard Research and hazard; the plexiglass
Deveoopment Center's Acetone should be fastened to the

machine shop. The upper Acatonitdle frame with more than four

machinber wsh esupper to Carbon Disulfide screws. Second, the

chamber was designed to Dichloromethane opening in the plate for theS~accomodate the heavy

zipper and permit liquid to Dimethyl formamide zipper seems to be too

cover it under pressure Ethyl Acetate large; the neoprene does

(Figure 2). This cell n-Hexane not get good support. This

required a great deal of Methanol may be one source of

care to seal property and Nitrobenzene leakage. Third, the cell

needs modifications. 50% Sodium Hydroxide material should be
Each ZV1 "N.cW -f-" *f Acid. ChmeL Vt"l*tWny "l'

for leaks with water before Teftrachlwthylene acid attack the cell but also

any other i4 TO a hCVlPM I ofl the eeI hOi

tesed. nmd ntlm t water.

All samples were Finally the cell is too heavy

measures using the same The method was that and cumbersome to handle

micrometer and thickness described in the Standard safely. a lighter weight

was recorded as an Method with no modifi- material in a more comp
averaged value of five cations. (The method was design should be used. A

.. 'readings. awkwardly witten and new support that would fit

* None of the tests required study to insure it more easily in the hood
required using a dye ior was interpreted as its would allow more work to

visibility, author intended.) The be done in the hood

standard degradation test adjacent to the test.

apparatus is shown in
Figure 3. Figure 4 shows Elongation Test
the setup used to measure The elongation test
elongation, procedure should indicate

how much material should
be in the cl.lnp. The
elongation measurement
also seem to depend on
the contour of the material.
Since the butyl rubber
samples were cut from
gloves the samples varied
in contour, e.g. around the
thumb hole.

Test samples were very
difficuft to cut after
exposure to a destructive

2
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chemical, Le. one that ntsl' uCeadlo
mwolls the sample and Cnlsos~xs'"'oouln
makes it gummy. Results
cannot be preise~ becaseiS No penetration was The results at the
of inaccurately cut samples. obere diurln~ any of degradation tests are

Room air curet (fror these tests, elther during summarized in Table 1.
the hood, air conditioner, 0 the first 5-minute test at I While no chemical totally
dehumidifier) also affected atmosphere pressure or the destroyed the glove
measurements. subsequent 10 minutes at I material, several chemicals

Wegh msurftons or 2 pslg. Thickness have enough of an effect
Wheghotin measure nt measurements varied on the rubber to pose a

Thr boting papniq erddo widely on single seam hazard for using these
alrysngitehnyuesdiplnot samples. gloves for protection.

A few samples had to be air InTable eica r.lse
dried before they where i al 1
moear :ed. ____________

The Ziploc®t bag used TOOl l.
-M&*"glhUi~bcule is& Resufts of the Degrdaton Tests on Buty Rubber

must be taken that the test T~kns Eloram~b VAIt VIsibi-wUIO -cn WMt kv - - -
with the bag. And it was hon"ca dcange) chme) dwuge)
not always possible to
remove all the gases by Acetone 3.40 0.76 3.20 Discolored

Z *burping" the bag arnd Acetonotrile 0.95 2.10 1.80
weight was naturally Carbon flisuffids 24.00 28.70 19.2 Softened/bubbled
affected. Dihomoethane 9.80 46.50 7.75 Softened/istorted

The description of the Diethylarnine 17.20 65.70 4.50
calculations for the weight DfEthylfoAcetate 0.01 0.4.1 8.00
change seemed needlessly EtHylAetae 1.0.3 07.964 1328 rce
complex. 1do-40. 57X9 1.7C0 ae

IM I 1zen 1.60 3.20 1.40Cleaning the cells 50% Sodium Rydwidde 0.95 CA8 4.50
Better methods for Sulitric Aci 0.98 0 0.87

cleaning the test cells T*&ardvo&%ty~n 80.50 lwor 66.60 Stdcky/softened
should be outlined. Tetrahydrofuran 9.20 93.40 10.40

LToluene 46.00 90.00 33.00 1%oftenem/iscolored
Safety

The degradation cell Table 11.
should come with a fitted 1aad u ouewihB tlR b ecover. This would prevent Hzrost s ihBtlRbe
loss ol test chemical and
also prevent accidential Carbon Disulfide Tetrachioroethylene
spilling when the test set- Dichloromethane Tetrahydrofuran
up is in the hood. Diethylamine Toluene

N-Hexane

3



Table Ill.
Penetration Test Conditions for 6 inch Zippers

Initial RH Temp Date
Th!,wness Vc ('86)

1. 12 78% .22 615
2. 11.4 78% 22 6/5
3. 12.8 78% 22 f.S

1. 12.2 77% '12 6.
2. 13.4 77% 22 6e2
3. 12.7 77% 22 rv2

1. 15.2 75% 25 ?/2
2. 12.4 75% 25 7/2
3. 10.3 75% 25 7/2

1. 4.2 77% 24 6/5
2. 4.3 77% 24 6/5
3. 42 '77% 4 1

1. 10.3 69% 23
2. 103 69% 23 5/29
3. 11.3 69% 23 5/29

Table IV.
Penetration Test Conditions for 4 mil Teflon

Initial R.H Temp Date
1. Thickness Vc ('86)

.3.- 78% 24 6/5

2. 3.7 78% 24 6/5

3.

3.7 78% 24 6/5

. 12.2 68% 19 6/2
2. 13.4 68% 29 7/2
3. 12.7 68% 19 6/2

1. 3.8 75% 25 7/2
3. 3.5 75% 25 7/2
3. 3.4 75% 25 7/2

1. 3.4 77% 24 6/52. 3.7 77% 24 d/5
3. 3.7 77% 24 6/5

. 4.3 68% 19 6/2
2. 4.3 68% 19 6/2
3. 4.3 68% 19 6/

ii14-4



Table V.

Penetration Test Condlt!ons for 5100/10 mil FEP

Initial RH Temp Date
1. Thickness C ('3)

11 75% 24 6/26
2. 9.6 75% 24 6/26

10.2 75% 24 6/26

I9.9 65% 19 6/26
2. 9.7 65% 19 6/26
3. 10.1 65% 19 6/26

1 8.9 75% 25 7/2
2. 8.5 75% 25 7/2
3. 7.0 75% 25 7/2

Mty 11Et.6l e4 5% 23 6/7
1. 11.6 65% 23 6/27
2. 10.7 65% 23 6/27

1. 11.. -lS' 111 s
13. 45% 11 .

3. 11.8 65% 19 6/26

Table VI.

Penetration TesO Conditions for 6 inch Zippers

Initial RA-I Temp Date
Thickness c ('B6)

1. 21.4 77% 25 6/16
2. 22.6 77% 25 6/16

1. 20.4 77% 25 6/16
2. 20.7 60% 26 6/17

1. 20.95 75% 25 7/2
2. 21.00 75% 25 7/2

1. 20.00 60% 25 6/17
2. 19.90 60% 25 6/17

5



'able VII.
Degradation Data for Butyl Rubber Gloves

Thickness Befora After % Diff. Elong.
1 11.1 10.6 -4.5 46.2
2 10.1 11.0 +8.9 60.8
3 10.1 8.0 -20.7 66.9

avg 11.4 avg 57.96

Weight Before Change Corrected % Diff.
.7.M3 Ol.72 2Z 7.8

2 7.779 0.177 2.33 2.3
3 7.888 D.112 .= IA

alug •1.1S

Thickness Before After % Diff. Elong.
1 10.7 9.6 -10.1 63
2 10.3 11.3 +9.7 45
3 10.3 9.4 -9.1 31.5

avg 9.8 avg 46.5

Weight Before Change Corrected % Diff.
1 7.815 0.212 2.56 9.25
2 8.054 0.140 2.42 5.80
3 7.863 0.192 2.35 8.20

avg 7.75

Thickness tefore After % Diff. Elong.
1 10.1 10.0 -0.99 3.1
2 10.1 10.0 -0.99 2.2
3 10.6 10.6 0 4.6

avg 0.66 avg 3.3

Weight Before Change Corrected % Diff.
1 7.957 0.05 2.39 2.1
2 8.134 0.05 2.44 2.1
3 7.833 0.02 2.35 0.8

avg 1.67

6



Table VII. (continued)
Degradation Data for Butyl Rubber Gloves

one i . 25C 1.

Thickness Before After % Diff. Elong.
1 11.6 11.0 -5.6 0.76
2 10.8 10.8 0 0.77
3 11.1 10.6 -4.5 0.76

avg 3.4 avg 0.76

Weight Before Change Corrected % Diff.
1 7.679 0.021 2.30 0.9
2 7.798 0.040 2.34 1.7
3 7.338 0.570 2.20 7.8

avg 32
Toun R- -72- Tem 27 6SBb

Thickness Before After % Diff. Elong.
1 10.2 6.32 -38.04 115.60
2. 10.2 4.9 -51.96 96.20
3 10.3 5.4 -47.76 58.56

avg 45.92 avg 90.05

Weight Before Change Corrected % Diff.
1 7.861 0.49 2.36 20.8
2 8.030 0.59 2.41 24.6
3 8.038 1.29 2.41 53.5

avg 32.96

Thickness Before After % Diff. Elong.
1 10.7 10.7 0 .76
2 10.7 10.7 0 1.5
. 3C. • 0.8 0 1.7

avg 0 avg 0.84

Weight Before Change Corrected % Diff.
1 8.300 0.055 2.49 2.2
2 8.228 0.055 2.47 0.07
3 8.229 0.042 2.47 1.7

avg 1.32

7
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Table VII. (continued)
Degradtion Data for Butyl Rubber Gloves

Ace-on.trill RH7 _r T28-6-'r

Thickness Before After % Diff. Elong.
1 10.8 10.6 -1.9 1.5
2 10.6 10.5 -0.94 1.5
3 10.3 10.3 0 3.4

avg 0.95 avg 2.1

Weight Before Change Corrected % Diff.
1 8.212 0.047 2M4 li
2 8.511 0.011 2.55 0.43
3 8.133 O.075 3. 11

Thickness Before After % Diff. Elong.
1 10.9 2.2 -79.82 tore
2 10.7 2.2 -77.60 tore
3 10.7 1.7 -84.11 tore

avg 80.51 tore

Weight Be!ors Change Corrected % Diff.
1 8.320 2.32 2.50 92.8
2 8.045 .655 2.41 27.2
3 8.253 3.47 2.48 140

avg 86.6

Thickness Before After % Diff. Elong.
1 10.6 9.6 -9.6 67.70
2 10.0 9.6 -3.6 60.77
3 10.7 6.6 -38.25 69.23

avg 17.22 avg 65.70

Weight Before Change Corrected % Diff.
1 8.259 0.15 2.48 6.2
2 8.071 0.04 2.42 1.6
3 8.220 0.14 2.47 5.8

avg 4.5

8



Table ViI. (continued)
Degradation Data for Butyl Rubber Gloves

Thickness Before After % Diff. Elong.
1 10.6 10.8 -1.9 4.2
2 11.0 11.0 0 2.6
3 10.5 6.6 -37.1 2.9

avg 13.0 avg 3.2

Weight Before Change Corrected % Diff.
1 8.259 0.05 2.47 0.6
2 .129, 0.41 2A4 1.7
3 8.251 0.26 2.42 2.0

avg 1A

lThickness 15o1ore After /'OfDiLf. long.
1 10.6 9.9 -6.6 5.0
2 10.4 10.4 0 3.4
3 10.5 10.6 +.95 4.7

avg 0.05 avg 4.7

Weight Before After Correctled % Diff.
1 8.212 6.615 2.46 64.9
2 8.122 .8.126 2.43 0.16
3 8.626 8.217 2.59 15.8

avg 8.0

Thickness Before After % Diff. Elong.
1 10.2 9.9 -2.9 30
2 10.8 5.2 -52 38
3 10.7 8.9 -17 18

avg 23.97 avg 28.7

Weight Before After Corrected % Diff.
1 8.160 8.213 2.448 2.17
2 8.165 8.234 2.450 30.0
3 8.065 7.921 2.420 6.0

avg 19.2

Glove label dissolved9



Table VII. (continued)
Degradation Data for Butyl Rubber Gloves

Sodd Hyrxd 621 2 -1 C 6 068

Thickness Before After % Diff. Elong.
1 10.3 10.5 +1.9 1.5
2 10.0 10.0 0 0.38
3 10.6 10.5 -0.94 0.69

avg 0.95 avg 0.86

Weight Before After Corrected % Diff.
1 6L226 &M P-.47 9214
2 8.200 8.320 2.46 4.8
3 '8.342 8&I2N 2m LB

mq 4.5

Thickness Before After % Diff. Elong.
1 10.6 10.6 0 none
2 9.96 9.76 -2.0 none
3 10.7 10.6 -0.93 none

. avg 0.98

Weight Before After Corrected % Diff.
1 8.307 8.359 2.49 2.09
2 7.949 .7.944 2.39 0.21
3 8.260 8.268 2.48 0.32

avg 0.87

T el r a 00 uran 6- 2IC 88

Thickness Before After % Diff. Elong.
1 10.5 10.3 -1.9 142
2 10.3 8.8 -14.6 90.7
3 10.0 8.8 -11.2 47.6

avg 9.2 avg 93.4

Weight Before After Corrected % Diff.
1 7.881 8.258 2.36 16
2 8.163 8.457 2.45 4
3 7.994 7.261 2.40 11.1

avg 10.4

10



Figure i

* A. StandardPenetrto

Coll

B.zipper Pefletratio
cell ft0p onQW

.. A.

C, Zipper Penletration
0911 (bottom view)



Figure 2.

A. Top of permeation test
cell for zippers

VV

__________________________________ S. With zlppr in place
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Figure 3.

Standard degradatior? tesl
apparatus
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Figure 4.

Elongation test setup
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APPENDIX I

PERMEATION 'VEST DATA FOR SEAM SAMPLES

(Data Provided by Texas Research Institute Under Contract)



CRE4ICAL PROTECTIVE CLOTHING PRODUCT IVALUKTION RECORD

1. MSCtIIFION OF PRODUCT ZVALUATID

1: TYPE: Teflon laminated Nomex
2: PROTKICTIV KAIT" COLW~ 0J151
3: CONDITION BEFORE TEST: gnuaed, no visible imperfectionas
4: MANUFACTURER: Cheefab Caor .
5: PRODUCT 10ENT71ICATlONi Roamed 3100
6: LOT OR MANUFACTURER VAT~ : AL
7: NOMINAL TJ•ICIESS: 40-50 mol
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Beg Cavev Road, Austin. TX
2. ANALYTICAL MTHOD: Continuous photolonitation detection with a 10.20 eV lamp.
3. TD(PERATURE: 22-25T"
4. COLLECTION MEDIUM: N2
.. COLLECTION SYSTEM: 1N2
6. OT•%R CONDITIONS: inch cell was used./Detector- Teaerature-" IOOC"
7. EVIATIONS FROM ASW F739 METHOD: Flow rate to cell w.as 100 cc/min.

3. COWJ.5IN4 EM1IA" 4 Is C404=1N2 S 3

1. CHEM NM(s) : Ethyl Acetate : N/A : N/A
2. CAS IMUMER(): 141-75-6 mA / . A
3. CONC. (I? MIX) N/A 5k: N,/A
4. CHEICAL SUlt1RCE:EM Science NA NIA

4. TEST RESULTS

1. DATE TESTED: 5-7-87
. NUMBER OF SAMP•ES TESTED: One (Run A)

3. EAICEPtROUGQ TIME: 6 minutes
4. MIN DETECTABLE LIKIT N/A
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 48 ails
7. SELECTED DATA POIlNS N/A .....

3.

TIME : . .... ..TIO : CO' RAIN : 'O~NRXO
1. C C

2. __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ :__ _ _ _ _ _ _ __ _ _ _ _ _ _ __ _ _ _ _ _ _

3. '___ _ __ _ __ _ _ __'_ _ _ _ __ _ _ _ _ __ _ _ _ __ _ _ _ _ __ _ _ _ _

4.

9.

10.....

8. OTHER OBSERVATIONS: Sample was sealed in ASTM cell with 2 Neoprene gaskets.

5. SOURCE OF DATA
Sample was run by Denise McDonald on May 7. 1987.

a't
•J l• ti [ I I • I •i -
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CHEMICAL PROTECTIVE CLUJfHINr PRODUCT EVALUATION RECORD

!1. SCRIPL!ON OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 0b68
3: CONDITION BEFORE TEST: Unused, rt visible imperfections

4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Seamed 5100
6: LOT OR MANUFACTURER DATE: " /A
7: NOMINAL THICKNESS: 40-50 mil
8: tESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25%C
"4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS- 1 inch cell was used./Detector Tempera.ure - IOOC.
7. DEVIATIONS FROM ASTM F739 METHOD: Flow rate to cell was 100 cc/ml.

3. cA=lNG CE2Q=hL a Amu 3

1. CHEM NAME(s) : Ethyl Acetate /A N/A
2. CAS NUMBER(s): 141-78-6 X/A NIA

3. CONC. (IF MIX) N/A N/A _":'_ N/A
4. CHEMICAL SOURCE:EM Science : N/A : 17

4. TEST RESULTS

1. DATE TESTED: 5-7-87
2 2. NUMBER OF SAMPLES T'ýSTED: One (Run B)

3. BREAKTHROUGH TIME: 7.5 minutes
4. MIN DETECTABLE LLIT-NA
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 45 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION : CONCENTRATION
1., _________ : :

3. .
4. _________ : _____ ___________: _______________

5. : _ _ _ _

7. : : ___'
9. : __ _ _ _ _ _ __ _ _ _ _ _ __ _ _ _ _ _
9.

10. :_:_:

8. OTHER OBSERVATIONS: Sample was sealed in ASTM cell with 1 Neoprene gaskets
and 2 Teflon gaskets.

5. SOURCE OF DATA
Sample was run by Denise McDonald on May 7, 1987.



0O

in *
01 U- $4

0lg

01 -44

aO)
4-Iý 44 O$40

uc*0 41 0

IO Z 4J.. 0 4J l 0JJC
4= -4.4 00 4 4 InU

-.) 0 4 j 4 1'
ao xJ a(0 CL a

-4 -0 415
E16 L00O. U



CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. [ESCRIPEION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible imperfections
'4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Seamed 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 40-50 mil

j 8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-250C'
4. COLLECTION MEDIUM: N7
5. COLLECTION SYSTEM: N2
6. OTHER CONDITIONS: I inch cell was used./Detector Temperature - OOC.
7. DEVIATIONS FROM ASTH F739 METHOD: Flow rate to cell was 100 cc/min.

L AT-LENGE CHEMICAL a1 -j .GaIK E1z= 2 - 3

*I 1. CHEM NAME(s) : Ethyl Acetate N/A : N/A
"2., CAS NL'MBER(s): 141-78-6 /A . N/A

• 3. Q.'*. (IF MIX) NIA . U/A N/A
4. CHEMICAL SOURCE:EH Science . N/A N/A

4. TEST RESULTS

1. DATE TESTED: 5-7-87
2. NUMBER OF SAMPLES TESTED: One (ýRun C)
3. BREAKTHROUGH TIM!: 96 minutes
4. MIN DETECTABLE LIMIT N/A
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 46 mils
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION CONCENTRATION CONCENTRATION
1.

S2. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
S~30

4.

5. :

8.
9.:

10.

8. OTHER OBSERVATIONS: Sample was sealed in ASTM cell with 2 Neoprene gaskets

' I and 2 Teflon gakets.

5. SOURCE OF DATA
Sample was run by Denise McDonald on May 7, 1987.
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CiY01CAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECOVD

1. 1)ZSCI,1PI3O r Q ' F PODUCT EVAL17ATED

1: TYPE: Teflon ler.inated Nonex
2: PRuTECTIV\E KATER1AL CODL: 066
3: CONDITION BEFORE TEST: Unused, no visible imperfections
4: EANUFACTURER: Cherfab Corp.
55: PRODUCT IDENTIFICATION: Seamed 5100
6: LOT OR 1W;AUFACT1'RER DATE: N/A
7: NOI•3NAL THlCIESS: 40-50 ".il
6: DESCRIPTION: Material was buff colored.I

2: TEST t!ETHOD

1 TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL tITHOD: Continuous photoionization detection with a 10.20 eV lamp.
3. TtXPERATURE: 22-25C
4. COLLECTION !MtEV-1'LrN N2 . . ...
5. COLLECTION SYSTD,':l N2

6. OTHER CONDITIONS: 1 inch cell was used. / Detector Temperature - 100C.

7. DEVIATIONS FROM AST" F739 METHOD: Flow rate was 100 cc/min.

3. CIAL.INGE CMEmICAL I : MUIPOE= 2 3

i. cam, 2hm(s) : Ethyl Acettatt N/A N/A
2. CAS KUMBER(s): 141-78-6 N/A N/A
3. CONC. (IF MIX) • : N/A _ _/A

A. CHEMICAL SOURCE:EM Science N/A : N/A

4. TEST RESULTS

1. DATE TESTED: 12-31-86
2. KU1BER OF SANPLES TESTED: One (Run IV)
3. BREAKTHROUGH TIME: 60 minutes
4. MIN DETECTABLE LIMIT .16 ppm
5. STEArY STATE PEIRMEATION RATE 1.08 ug/cmu21hr
6. SAMPLE THICISESS: 7 mils
7. SELECTED DATA POINTS N/A

TIM : CONCENTRATION : CONCENTRATION : CONCENTRATION0I. :__ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _ __ _ _ _ _2.
3. :_:__
4. -:

5. :
6.:::
7. ::

9,

8. OTHER OBSERVATIONS: Sample was sealed with 0.65 in. TRI-SEAL low density
polyethylene.

5. SOURCE OF DATA
Sample was run by Denise McDonald on December 31, 1986.

S . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .
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CHEMICAL PROTECTIVE CLOTHING PRODUCT EVALUATION RECORD

1. DESCRIPTION OF PRODUCT EVALUATED

1: TYPE: Teflon laminated Nomex
2: PROTECTIVE MATERIAL CODE: 068
3: CONDITION BEFORE TEST: Unused, no visible Imperfections
4: MANUFACTURER: Chemfab Corp.
5: PRODUCT IDENTIFICATION: Seamed 5100
6: LOT OR MANUFACTURER DATE: N/A
7: NOMINAL THICKNESS: 40-50 mil
8: DESCRIPTION: Material was buff colored.

2. TEST METHOD

1. TESTING LABORATORY: Texas Research Institute, 9063 Bee Caves Road, Austin, TX
2. ANALYTICAL METHOD: Continuous photoion zation detection with a 10.20 eV lamp.
3. TEMPERATURE: 22-25*C
4. COLLECTION MEDIUM: N2
5. COLLECTION SYSTEM: N2.
6. OTHER CONDITIONS: 1 In.h cell was used./Detector Temperature - 100 C.
7. DEVIATIONS FROM AS--FY73§ METHOD: Flow rate to cell was 100 cc/min.

5oCMALE CREtICAL CONFONEN7 2 3

I. CHEM NAME(s) : Ethyl Acetate : N/A . N/A
2-. =MEI(s): 141-78-6 : N/A N/A
3. CONC. (IT MIX) N/A : N/A N/A
4. CHEMICAL SOURCE:EM Science N/A : N/A

d/. TEST RESULTS

1. DATE TESTED: 6-03-87
2. NUMBER OF SAMPLES TESTED: O-0ne
3. BREAKTHROUGH TIME: No breakthrough was observed in 4.5 hours.

4. MIN DETECTABLE LIMIT .17 ppm
5. STEADY STATE PERMEATION RATE N/A
6. SAMPLE THICKNESS: 47 ails
7. SELECTED DATA POINTS N/A

TIME : CONCENTRATION : CONCENTRATION CONCENTRATION
1.
2.
3.
4.
5. : :__
6.
7. : :
8.
9. :__ _ _

10.

8. OTHER OBSERVATIONS: Sample was sealed on both sides of ASTM cell with

1/4" expanded P.T.F.E. cord.

5. SOURCE OF DATA
Sample was run by Denise McDonald on June 3, 1987.
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Evaluation of the Performance of One-Way VA!ves

Used in Chemical Protective Suits*

'Introduction

We are reporting preliminary results from a study on lw-pressure vent

valves that we are conducting for the U.S. Coast Guard. Test results from

four valves will be discussed here. The valve currently used in the Coast

Guard totally-encapsulating chemical protective (TECP) suit is made by

Stratotech Corporation. A second suit valve that was evaluated is made in

Sweden by Trelleborg. Then, to provide a comparison for the evaluation, we

included two valves that are used in respirators. These valves are made by

MSA Corporation, and included a standaro fiapper valve and a pressure demand

valve.

BAckground

The U.S. Coast Guard has developed a new totally-emasulati•t suit for

the protection of personnel during chemical spil raapone. Iow-prewsure

one-way vent valves are useo in the suit to allow escape of exhaust air from

the occupant's self-containee breathing apparatus, and to maintain a small

positive pressure (1 to 3 inches water column pressure) inside the suit. This

latter feature minimizes diffusion or penetration of chemical vapors through

poor seams, material punctures, or improperly closed zippers. Satisfactory

operation of these valves is critical to the functionality and protective

qualities of encapsulating suits.

While protection factors have been measured for the overall suit in

operation, there has been no attempt to exclusively determine suit exhaust

valve protection factors. Furthermore, recent overall suit testir~j has shown

differences in suit protection factors when the Inttrnal suit probe is located

near the breathing zone as compared to locating the probe internally near the

exhaust valve. This information indicates that diffusion of the challenge

agents through the suit exhaust valves may be significant.

*This work was performed under the auspices of the U.S. Department of Energy
by Lawrence Livermore National Laboratory under contract No. W-7405-ENG-48.
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Experiment&. Considerations

We prepared an experimental system that would provide for a high degree

of control over the valve environment. A small cast aluminum box (roighly 9

inches long by 5 inches wide by 6 inches high) was fitted with several

openings to provide for breathing and test air inputJ, analytical sampling

ports and environmental measurements (pressure, temperature). A diagram of

the box is shown in Fig. 1. The box was constructed so that a plastic plate

could be inserted between the two halves. At the center of the plate, a

recessed orifice was machined that allowed the different valves to be inserted

with a leak tight seal. When the box and plate were assembled, the valve was

positioned to function as the only conduit between the two resulting

compartments. One compartment could then function as the "iniide" of a TECP

suit, and the Othei &s it1e ousidte."

The complete aai.ey uas Tte for leakage uith a Stratrtech valve

installed. A solid cap was threaded onto the inside half of tthe valve. The

outside compartment was filled with iettime flrxn a lecture bottle. With the

pressure differential between the two chambers at hero, no methane was
detected within the second (inside) chamber. We interpreted this data tc
that the test box was leaktight when the insert plate containing a valve wa

installeC. Conversely, with the cap removed, future measurement of methane in

the inside cnamber would have to indicate the valve as the source of

penetra:ion. A diagram of the Stratotech valve in this testing arrangement is

sho.n in Fig. 2.

A scnematic of the complete test assembly is given in Fig. 3. The top

left of the diagram shows a source of air that allowed precise control of

flow, temperature, and relative humidity (Miller-Nelson Research, HCS-301).

At the top center is shown a source (lecture bottle) of test gas (methane)

which can be added to the air flow through a mass flow controller. The

mixture of air and test gas is passed through a calibrated infrared analyzer

(Foxboro Corporation, Miran IA) to measure test gas concentration. When pure

methane was used in this work, the air source and infrared analyzer were

disconnected and the methane from the lecture bottle passed through the mass

flow controller and then directly to the test chamber.



The previously described test box is shown as a diviced box In the lower

right of the schematic. Also shown are the probes for difrerential pressure

measurement between the two chambers of the box. in adoit.on, a single

pressure transducer could be placed in either part of the box to measure

chamber pressure relative to the atmosphere. Finally, the exhaust flow from

the lower half of the box was checked for temperature with a thermistor probe

(YSI Series 700, Yellow Springs Instrument Company) and a digital thermometer

(Cnle-Parmer Model 8502-20). A comparison of temperature was continually made

between the test box exhaust flow and either the controlled air source or the

room air. The concentration of test gas within the inside chamber o(f the box

was measured with a calibrated total hydrocarbon analyzer (Beckman, Model 400,

FID principle).

We chose methane as a test gas for several reasons. First, under the

LUan mitimn of thib experivien't, ttiis gas is inert 4to the Imterials "no in T~he

saezrl valves. Second, this hydrocarbon can be detected at very low levels

ul" ch LvIemTt il vsthOfs. In aditL ioi, ttwe TttC can e taitn aW t

methane over a very large linear dynamic range. Finally, the Measured

diffusion coefficient for methane is on the same order of magnitude as that

reported for hydrogen', 2 , and gaseous diffusion of the compound is therefore

quite rapid.

Test Resýlts

Our first test was to observe the valves under static conditions, i.e.,

without use cf simulated breathing. A valve was installec in the plastic

insert, ar.- the plate was assemblec between the box halves. The outside

chamber of the test box was filled with pure methane. Lea&Kage rates were

determined from the change in the observed concentration of methane in the

inside chamber over a specified time period. The calculated volume of the

upper chamber is 1616 cm3 (24.4 cm x 13.0 cm x 5.1 cm). If we take the

definition of parts-per-million by volume to be ppmv = I(vol. of analyte) /

(vol. of dilutant)] x 106, and then make the appropriate substitutions, the

leak rates can be determined.

S:1-H



Two valves were testec in this manner, the Stratotecn valve, and Lhe .SA

positive pressure valve. After an Initial measurement at a pressure

differential of zero, compressed air was forced to the inside chamber through

a precision valve, and the new concentration recorded over time at the higher

pressure. The result of c.; proliminary testing is shown in Fig. '. Our

techniq,-te shows an observabie leak of the outside gas into the inside

chaloer. To provide comparison, we make reference to the current Bureau of

Mines Standard fo- Respiratory Protection Devices. 3 The standard used by the

Burea4 of Mines is the same as that reported in use by the Chemical Warfare

Service during WWJI.4 In this standard, the designated respirator exhalation

valve leakage is not to exceed 30 ml min"1 at a suction of 25 mm of water

column he: ght. The implication from this standard is that there is measur. tle

leakage through respirator exhaust valves under normal operating conditions.
'To provie data armblbe I= V* Tvspirtatar saTdard, %to sult's e..-4sy vent

valves would nave to be tested in the manner.

O0jr next exTperlw& was to aserve The values Owrira Tfti shwlated

breathing provided from a breathing machine. We tested tour valves at two

separate breathing rates, 10 and 20 breaths min 1, respectively. In all cases
exep

except one, a consLant inside concentration of methane was achieved. Our

technique was to observe the background signal of the THC analyzer with the

breathing machine on, and thern to fill the outside compartment of the box with

methane. The internal concentration of methane would rise and then level off

at an equilibrium value, which is the data reported in Fig. 5. The exception

occurred with the MSA pressure demand valve at the 10 cycle min- 1 breathing

rate. Over the 10-min duration of the test, the internal concentration

continued to rise (at a rate of 4.8 ul min-)

in all the other cases except one, we observed the internal concentration

to fluCtuate within a few ppmv. 'rhe single exception was that the Trelleborg

valve exhibited large oscillations around an average internal concentration.

It is these (sawtooth appearing) concentration variations that are shown in

the bar graph of Fig. 5. Finally, in addition to the small sinusoidal type

fluctuations seen in the other valves, Lnd the large variation seen in the

Trelleborg valve, there was in every case a very small oscillation

4



superimposed on the general trend. This occurred in exa::. sequence with the

cycles of the breathing machine. We could only attriý..:e this fluctuation to

, ,immediate changes that occurred when the valve opene: and closed.

We also made observations of the differential pressure during operation

of zhe breathing machine. This was done for each valve a-•d was recorded as a

positive pressure within the inner chamber relative to :r.e pressure within the

outside chamber. The data are presented graphically in Fig. 6. This data

separ,.ted the four valves by pairs. The two valves that were controlled by

spring tension (to open only after a certain pressure threshold was attained)

allowed larger internal chamber pressures. The two flapper type valves

maintained lower pressures. rhe pressures seen were higher at faster

breathing rates, and again the flapper type valves maintained lower pressure

than the spring tension valves.

Conclusi.ons

We have developed a uesthod to test TECP vent valves. 7tisvetthW

isolates the valve tetween two ehambers and tests for leakfte of the values by

measuring concentration of a test gas in the inside chamber of the test box.

The use of a removable plate that contains a valve installed in a leactight

manner allows for simple and rapid exchange of valves for testing. Our

preliminary data indicates that there iz leakage of the test gas under

normally closed conditions (zero differential pressure). When the pressure on

the inside chamber is increased, thi4 "eak rate is obser:-ed to decrease. One

conclusion that follows from these te~t results is that :he vent valves may be

a major leak source for the intact suit. Further research is necessary to

allow more general conclusions to be drawn.
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Figure Captions

Figure 1. A schematic of the cast aluminum box that was used in the valve

testing experiment.

Figure 2. drawing of the Stratotech valve as it appears when installed in

the PlexiglasR plate.

Figure 3. Schematic of the experimental test system used in the study on one-

way vent valve performance.

Figure 4. Graphic representation of the leak rates observed during static

leak Uts% ig of one-iaay vent valves.

Fi•e 5. GraLphic ttpveseation of the concentration of methane observed ir

the "inside" chamber of the test box during simulated breathing.

Figure 6. Differential pressure observed with different valves during

breathing machine operation.
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Introduction

The need to provide complete encapsulation of workers to W11ow them to

carry out their jobs safely is becoming very comnonplace. Such jobs as

hazardous material response, toxic waste dump cleanup, and chemical

manufacture and use require complete encapsulation of employees routinely or

during accidents. With the increase use of complete encapsulation in the

workplace, a high degree of performance is now expected from commercially

available totally-encapsulating chemical protective (TECP) suits. This high

degree of performance was also identified by John B. Moran, Head, Division of

Safety Research, National Institute for Occupational Safety and Health, when

ie 'referred to etwAtal wpeni, t'itinj cutlg as 0% lixt lime of defense' for

the 4ofter-

A TECP suit is made up of many components (Fig. 1). '4any of these

components are in themselves individual items of chemi:al protective clothing

for which chemical permeation data.is available. Some items however, such as

suit closures, vent valves, lens material, suit membranes, and seams are

unique to a TECP suit and therefore require individual chemical permeation

testing. This type of data however, does not provide the user with a measure

of complete TECP suit integrity. To measure the complete integrity and

performance of TECP suits, quantitative chamber testing can be useo. By

simultaneously using both an aerosol and gas test agent one can determine the

TECP suit leak rate accurately. If these measurements are made while the suit

is being worn by a person performing a series of exercises, a good estimate of

field TECP suit performance can be obtained.

Experimental Setup

To measure TECP suit leak rates accurately separate gas (Freon 12) and

- yKa



aerosol polyethylene glycol Molecular weight 400 (PEG 400) detection systems

will be used. The FreonR 12 subsystem uses a man-test chamber concentration

of 1000 ppm as determined by a Wilks Model 1A i•frared spectrophot.ometer. The

interior of the TECP suit is monitored for FreonR 12 intrusioni using a Vartian

Model 2700 gas chromatograph (GC) equipped with an electron capture detector

(ECD). Since the GC/ECD detection limit for FreonR 12 Is 0.01 - 0.001 ppm,

this measurement technique enables one to measure an intrusion coefficient of

100,000 to 1,000,000. A gas sampling valve is used to collect discrete

samples from the interior TECP suit air approximately every two minutes.

To measure the aerosol concentrations in the man-test chamber (Fig. 2)

ind wi n t•ie TttP suft a Vftornri Precitsl ian7strumnt's 1 3M 71NTW

fo •ad U0g1t scaterin photometer 0t11 be used. The test wasol of PEG 400

will be generated using a Laskin nozzle generator which creates a mass median

aerosol diameter aerosol of approximately 0.68 )m, sg - 2.10. Aerosol

concentrations within the man-test chamber will be 25 + 5 mg/M 3 . A sample of

two liters per minute is withdrawn from the suit and passed through the

photometer providing a real time measure of aerosol concentrations within the

suit.

Sample line penetrations into the TECP suit will take advantage of

existing penetrations for such things as airline cooling or comuuu•tcation. If

these types of penetrations are not available a cuff ring with sampling port

will be attached using a removable glove connection. If these methods are not

applicable a hole will be cut in the suit and a sampling line will be sealed

into the suit. The last method is the least desirable but necessary when no

other sampling line penetration is available. The minimum number of

connections necessary to connect the sampling line to the proper monitoring

instrument will be used with a minimum length of sampling line. During a

%. -L L;I% V . % t



typical test, samples of both FreonR 12 and PEG 400 will be taken

simultaneously and used to determine TECP suit performance.

A series of light exercises have been choser, to stress the suit in a

manner similar to typical work routines, Each exercise is carried out for two

minutes completing the prescribed number of repetitions.

o Stand in place.

o Raise hands from waist to above the head, completing at least 15

raising motions per minute.

o Valk in place comleting at least 15 raising ntims of each leg per

minute.

o Touch the toes, making at least 10 complete motions of the arms from

above the head to the toes per minute.

o Perform deep knee bends, making at least 10 complete standing and

squatting motions per minute.

o Repeat complete exercise series.

o Exit man-test chamber.

The exercise series requires approximately 20 minutes plus donning and

doffing time. A 30-minute SCBA bottle will work some of the times, but a 60-

minute bottle is preferred.



Two USCG/USFA TECP suits will be evaluated along with single suits from

four couumercial manufacturers.

Data Analysis

The output from the photometer, GC/ECD and infrared spectrophotometer

will be collected on a DEC LSI 11/23 lab computer. Suit intrusion

coefficientsI will be calculated for both aerosol and FreinR 12 test agents

and their results compared. Graphs showing these intrusion coefficients will

be included in the final report.

To determine if various components of the TECP suit are leaking the

y•o aml sWepl ing5 lines will Ibe t lated in tla" mroxiu'lty " 44-M na•nt iin

Final Report

A final repot will be prepared summarizing the results of the various

TECP suits along with any conclusions with reference to specific suit

component performance.

1 Intrusion Coefficient = Outside Concentration

Interior Suit Concentration
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Introduction

In our report titled, "TECP Suit Test Protocol for USCG/USFA Project" we

discussed the general design of a totally encapsulating chemical protective

(TECP) suit and the test method we have developed to evaluate the TECP suit

performance. In this report we will summarize the results from our test on

the new U.S. Coast Guard's TECP suit made from TeflonR-coated NomexR fabritc

(Figure 1).

Human Subjects Approval

The Lawrence Livermore National Laboratory (LLNL) is operated by the

Uhiversity of taliforenia for tihe U. S. 'De1arItmlt of Energy (DOE). 'DOE

requires that all experiunts involving fia volmteers at LLNL mJst be

reviewed by the Human Subjects Committee and found acceptable. The

experimental test procedures described in this report have been reviewed and

approved by the Human Subjects Committee.

Experimental Description

Freon Leak Detection System

RTo measure TECP suit leak rates accurately, a separate gas (Freon 12)

and aerosol (polyethylene glycol molecular weight 400 (PEG 400)] detection

systems is used. The FreonR 12 subsystem uses a man-test chamber

concentration of 1000 ppm as determined by a Wilks Model 1A infrared

spectrophotometer. The interior of the TECP suit is monitored for FreonR12

intrusion using a Varian Model 2700 gas chromatograph (GC) equipped with an

electron capture detector (ECD). The sampling time for the GC sampling

loop is two minutes. In an upgrade of this system a second sampling loop
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and ECD detector is being added. Thus, by alternating the sampling cycles,

a sample can be collected approximately every minute. Since the GC/ECD

detection limit for FreonR is 0.01 - 0.001 ppm, this measurement technique

enables SSG to measure a suit intrusion coefficient of 100,000 to

1,000,000.

Aerosol Leak Detection System

The aerosol concentrations in the man-test chamber and within the TECP

suit were measured using a Phoenix Precision Instrument's Model JM 7000

forward light scattering photometer. The test aerosol of PEG 400 was

Venerutel using a Laskin nozzle Uenerator whit% treitte a mvas iedian

srarl diterer vf approxlmtely 0.68 imn. sg - 2"10. 1mol

concentrations within the man-test chamber were 25 j 5 mg/N 3 . A sample of

two liters per minute was withdrawn from the suit and passed through the

photometer, providing a real time measure of aerosol concentrations wittiin

the suit.

Suit Modifications

Sample line penetrations into the TECP suit would rormally take

advantage of existing penetrations for such things as airline cooling or

communication. Since no penetration was available in the U.S. Coast Guard

TECP suit, a hole was cut in the suit to enable the mounting of a sealed

sampling line. The hole was located in a reinforced section in the front

waist area of the suit. The minimum number of connections necessary to

connect the Lampling line to the proper monitoring instrument were used

with a minimum length of sampling line. During the TECP suit test, samples

of both FreonR 12 and PEG 400 were taken simultaneously and used to

determine TECP suit performance.

-2-



Exercise Protocol

A series of light exercises were chosen to stress the suit in a manner

similar to typical work routines. Each of the following exercises was

carried out for two minutes completing the prescribed number of

repetitions. The exercises were carried out in the Safety Science Group's

man-test chamber (Figure 2).

o Stand in place.

o Raise 1haims ftm mist to otmve te 1tad, towpletitg at least 15

ri~asing wation per simte..

o Walk in place completing at least 15 raising motions of each leg

minute.

o Perform deep knee bends, making at least 10 complete standing and

squatting motions per minutes.

o Touch the toes, making at least 10 complete motions of the arms from

above the head to the toes per minute.

o Repeat complete exercise series.

o Exit man-test chamber.
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The exercise series required approximately 20 minutes plus donning and

doffing time. A 30-minute SCBA bottle provided enough experimental time,

but a 60-minute bottle was used because of its additional weight and

duration.

Internal Pressure Monitoring

The pressure inside the TECP suit was measured using a Validyne model,

P24 pressure transducer with a range of ±15' water gauge (wg) and an

accuracy t0.08" wg.

Wnt Volrme ftniterin-

te volme of air exhausted fri the TECP suit was measured using a

Kurtz Instruments, Inc. flow meter equipped with a probe for Model 505

which was placed in a specially designed tube.

Data Analysis

The output from the photometer, GC/ECD, infrared spectrophotometer,

pressure transducer, and flow monitor was collected on a DEC LSI 11/23 lab

computer at a sampling rate of 250 ms per entry. Suit intrusion

coefficientsI or protection factors were calculated for both aerosol and

FreonR 12 test agents. Graphic output from the computer was plotted as the

concentration of aerosol penetrating the suit interior (suit penetration)

during the various exercises. Real time pressure and flow traces

throughout the various exercises were also recorded. The actual results

are presented in the Experimental Results Section and a discussion of their

meaning is presented in the Discussion and Conclusion Sections.

Outside Concentration
intrusion Coefficient - Interior Suit Concentration
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Experimental Results

Figures 3 through Figure 39 and Table 1 present the various experimental

parameters recorded during each of the three test runs. Due to start up

conditions and monitoring or recording failures, some experimental

parameters were not recorded. All experimental data whichi was collected is

presented, nothing has been omitted by the investigator.
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kneebends.
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kneebends.

112-



M5CC T.C. cgiics. UIT OCHL C)

4K MOJI or. C TION04A TEST 91

A I I 9

W .5

•I I I I

I I I I

TIM ("IN)

USCG; T.C. O4CMiCAL SIT (O4A..LDIGC

Figur 8 STInerIa-ZND. spsuL, rTIn th e toes aTST s

.,I III I

,|I , II I I

'in place.

l -13-

Xau

I III

it'• :i"•'•'t'•g4'•O•' ::_ . . .. .. • c• ,ll~•: S-



USCG T.[. CHEMICA. SUIT (CS*LCING)

GTýQIDIN6-IST. #CAhINPNG 04A, TEST 02

16 . I I I
I I4

I I I
614,

So5.@ 5.5-m~ '51.31 51.5 19.

TIME (Him)

LISCG T.C. CHEMICAL SUIT (CHALLCNGC)

STAOlI -1ST, #CATH'ING OV4A. TEST 02 1

2.5

1z.4

S2.?

- I I

II

4 I

-- II I _ . I

'49..5 5I.8I 5.5 .S. 51L.9 51.5 5Zg. 9
TIME (HIMg)

Fiur . IEC sutarslpntainI)adpesr lt o

s dI I I
.4I I I I

I I I

49.5 56$.6 56.5 51.6 51.5 52.3

TI'E (fIN)

i•:• ~~~~Figure 9. tndgTECP suiti lceaerosol penetration_ _ (BZ7) and pressure plots for
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Figure 10. TECP suit aerosol penetration (BZ) and pressure plots forrasing the hands above the head.
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Figure 11. TECP suit aeroso penetration (BZ) and pressure plots for

walking in place.
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Figure 13. TECP suit aerosol penetration (BZ) and pressure plots for
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Figure 14. TECP suit aerosol penetration (BZ) and pressure plots for
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Figure 15. TECP suit aerosol penetration (VVZ) and pressure plots for
standing in place.
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Figure 16. TECP suit aerosol penetration (VrVZ) and pressure plots for
a rasing the hands above the head..
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Figure 17. TECP suit aerosol penetration (VVZ) and pressure plots for
walking in place.
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Figure 20. TECP suit aerosol penetration (VVZ) and pressure plots for

standing in place.
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Figure 21. TECP suit aerosol penetration (BZ) and pressure plots for
standing in place.
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Figure 22. TECP suit aerosol penetration (BZ) and pressure plot$ for
rasing the hands above the head.
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Figure 2;3. TECP suit aerosol penetration (BZ) and pressure plots for
walking In place.
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Figure 24. TECP suit aerosol penetration (BZ) and pressure plots during
knec-bends.
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Figure :25. TECP suit aerosol penetration 0BZ) and pressure plots fortouching the toes.
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Figure 27. TECP suit aerosol penetration (VVZ) and pressure plots for
walking in place.
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Figure 28. TaCP suit aerosol penetration (V'Z) and pressre plots during
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Figure 29. TECP suitn.erosol penetration (VVZ) tnd pressure plots for

-- touching the toes.
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Figure 30. TECP s3it presure and flow plots for standing in place.
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Figure 31. TECP suit pressure and flow plots for raising the hands.
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Figure 32. TECP suit pressure and flow plots for walking in place.
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Figure 33. TECP suit presure and flow plots during kneebends.
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Figure 34. TECP suit pressure and flow plots for touching the toes.
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Figure 36. Ow clart owaing achievd Vatetelm factors fqvar~u
exerdses whik wearing the C"u Cgard'o T* Nm"
TECP suit and sampling in the breathing zone for Freon
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Figure 37. Bar chart showing achleved protection factors f rvanou h
exercises while wearing the Coast Guarda'sTefon-i/Nomex"
TECP suit and sampling in the breathing zone for PEG 400.
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MIgre 38. Bar chart showing achieved piotecton fotors tgr vyar

TECP suit and sampling at the vent valve zme for Freon
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Figure 39. Bar chart showing achieved protection factors ffr variou h
exercises while wearing the Coast Guard'sTeflonK/NomexK
TECP suit and sampling at the vent valve zone for PEG 400.
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Table 1. Approximate internal suit prcssure variation (positive Inches water

gauge) during man tests.

Test 1 Test 2 Test 3

min max min max min max

Standing 1.9 3.4 2.4 3.0 0.3 3.3

Raise hands 0.25 3.8 0.5 4.5 0.5 4.2

Walking in place 1.0 5.3 1.0 5.3 1.2 4.3

Knee bends 0.1 6.8 0.1 7.5 0.1 7.6

Tas'I toes 0.I f.3 0.1 5.9 Li SLB

Standing 2.5 3.3 2.7 3.7 1.3 4.2

Standing 4.2 1.4 4.1 Ot to&"

Raise hands 0.3 4.0 0.6 6.0 Not taken

Walking in place 1.0 7.0 1.2 5.7 1.2 4.4

Knee bends 0.1 6.0 0.1 7.5 OI 6.8

Touch toes 0.1 7.8 0.1 7.6 0.1 6.0

Standing 1.2 4.2 2.0 4.7 1.9 4.1

lowest mn (+) 0.1 (+) 0.1 (+) 0.1

highest max (+) 7.8 (+) 7.6 (+) 7.6
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Discussion

The actual leak rate of TECP suits has not been measured accurately in

hazardous material accidents. This lack of monitoring data is mainly due to

the complicated nature of i•t accidents along with their unknown schedule.

To obtain a reasonable estimate of TECP suit performance in "HazMat"

operations a laboratory experiment has been designed to measure simulated TECP

suit intrusion coefficients of the Coast Guard's new TeflonR-coated iomexR

suit. A man-test chamber equipped with both aerosol and gas leak-rate

monitoring equipment whs used. A series of light exercises designed to stress

the various parts of the TECP suit was followed. The pressure inside the TECP

suit was mounitored tinu1ously durtng tha various exe-tisms. MTm v•i•ing

flow rat* 4m also uasured during am of the test rM4s.

Until this evaluation, there has been no information available describing

the variation in internal pressure and venting flow rate of a TECP suit during

actual use. Table 1 summarizes the various pressure extremes in the suit.

They range from + 0.1 to + 7.8 inches w.g This indicates that the positive

pressure vent valves do function as planned. The restrictions to movement due

to suit tightness from being pressurized was found to be acceptable. The

actual value of the positive pressure however, at reducing leak rates into the

suit, is still unproven. This information was also useful background

information for establishing the inflation pressures of ASTM's "Standard

Practice for Pressure Testing of Gas Tight Totally Encapsulating Chemical

Protective Suits" (ASTM F 1052). It also provides a measure of the minimum

strength suit materials, seams, and components must have. The venting flow

rate, on the other hand, provides an accurate measure of the volume of air

vented from the suit during the various exercises.
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If one examines the plot of TECP suit pressure vs time for standing in

place in Figs. 3, 5, 6, and 8, a measure of the positive pressure vent valve

perfoemance can be obtained. An eyeball average of the peaks produces an

average cracking pressure of between 2.8 to 3.0 inches w.g. The pattern is

somewhat Irregular because it is dependent on the breathing patterns of the

human subject and body movements which depress the suit volume. The pressure

plot for standing in place in Fig. 8 however, illustrates the relatively small

operational range under which the valves can open and close (AP approximately

1/2 inLh w.g.). Since there were three vent valves in the suit during this

test series, one cannot identify pressure variations due to individual valve

tracking pressure differentes. It tmn ' said vputkitltiwly 1111 tM vent

valve sounds that only one valve mas utimuut of!e t tim seca11y

during the standing in place exercise. The need for more than one valve is

also questionable from this observation and the corresponding pressure

traces. The ability of the Stratotech one-w&y vent valve to operate at i

adjusted cracking pressure of 2 inches w.g. is also questionable due to the

2.8 to 3.0 inches w.g. operational range which was observed throughout this

experiment.

By comparing aerosol suit penetration vs time to the pressure variation

vs time, a measure of the effect of suit leakage to pressure variation can be

obtained. A careful review o' Figs. 9 - 14 and 21 - 26 where aerosol

penetration in the breathing zone vs time is compared to internal suit

pressure vs time does not produce an obvious relationship. The lack of

pressure vs leak rate relationship for the vent valve zone (VVZ) in Figs.

15 - 20 and 27 - 29 can also be seen. Additional experiments will have to be

made on a more detailed basis before this relationship can be completely

understood.
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In Figs. 36 and 37 the average protection factors for the various

exerci as are illustrated as measured by Freon 12 and PEG penetration in the

breathing zone area of the suit. There is a minimum of variability between

the two methods in this sampling area. This is indicative of good mixing of

the challenge agents before they reach the sensors and general agreement with

reference to the existence and magnitude of the TECP suit leaks. Since the

Freon monitoring system uses grab samples to analyze, it can be expected to

miss leak rate peaks, especially if they are short in duration.

The PEG monitoring system operates on a continuous basis and gives a

better measure of the overall suit leak rate. The large variability between

tfi "wtio- 1atters as m ured by fvemR 12 and VES are tiure1fre

understandable if the challenge agent occurs in pulses which are not mixed

well. Thus, a more accurate measurement of VVZ leakage is provided by the PEG

system which indicates the possibility of a significant leak from the vent

valves. A more detailed evaluation of the leak rate of vent valves will be

needed to determine if they present a significant leak source as they are used

in the new Coast Guard TECP suit. lTis evaluation should examine valve

performance during actual suit use and valve performance utilizing a

laboratory test fixture.
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Conclusion

A series of test exercises have been carried out wearing the new U.S.

Coast Guard's TeflonR-coated NomxR totally-encapsulating chemical protective

(TECP) suit. The leak rate of this new TECP suit was measured using botN an

aerosol (PEG 400) and gas (FreonR 12) during a prescribed series of test

exercises. The internal suit pressure was also monitored and found to range

from 0.1 to 7.8 inches of water gauge during the entire exercise series. This

indicates that the positive pressure vent valves do function as planned, and

keep the 1ECP suit positive. The need for more than one vent valve should be

examined more closely since it appeared that only one valve was operating in

an ef'fctive umwrne durl•tv tm tit, tests. Prultetiun f'ttri,. trusian

coefficient valves for PES 480 and fmn 12 witthtn the bWeathinq im area of

the TECP suit were found to agree generally. Larger variations between the

two challenge agents were found in the vent valve zone. This may be

indicative of back streaming through the vent valves as venting takes place to

relieve internal suit pressure. Additional studies which measure challenge

concentrations inside the suit at various sampling locations are necessary to

better quantify this preliminary observation, laboratory experiments

measuring the leak rates of TECP suit vent valves in an Isolation test fixture

are also necessary to better understand valve performance.
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APPENDIX L

EVALUATION OF SUIT INTEGRITY BY FIELD EXPOSURE TO HYDROGEN FLUORIDE VAPOR

(Report by Lawrence Livermore National Laboratory)
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HYDROGEN FLUORIDE EXPOSURE TESTING OF

U.S. COAST GUARD'S TOTALLY-ENCAPSULATING CHZMICAL PROTECTIVE SUIT

ABSTRACT: The U. S. Coast Guard Chemical Aesponse Suit was field tested at

the Department of Energy's Nevada Test Site in controlled releases of hydrogen

fluoride. Two suits were placed on specially designed mannequins in two

separate tests and subjected to hydrogen fluoride vapor concentrations up to

12,0 Wppm for a 6 •l.nute period. The umnequimu coantalzed a psed bWeatblug

air aLqpply to simulate somal operation of the suit's exhauwt valves and four

diffeTtrut bydrogen fluori4e detection systems. The analytical results of the

two tests indicated no penetration of hydrogen fluoride into the suit.

KEYWORDS: Totally-encapsulated chemical prctective suit, Fluoropolymer

Materials, Overall Protective Suit Testing, Suit Integrity, Hydror"ýn Fluoride

LITRODUCTION:

The U. S. Coast Guard has developed a new totally-encapsulated chemical

protective suit for protection of personnel during chemical spill response.

This suit involves a novel fluoipolymer (Teflon)/aramid composite material

which has demonstrated a high level of chemical resistance relative to

existing commercial protec.ive materials. Most of the suit's exterior

components and materials have been evaluated for chemical resistance. 1

Furthermore, the overall physical integrity of the Chemical Response Suit has

been assessed using several different methods.2 However, the ability of the
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entire suit to maintain its chemical resistance integrity duriag realistic

field exposure conditions has not been tested. Documented evidence from suit

failures in a dimethyl amine accident at Benicia, California demonstrate that

chemical protective suit components can fail, exposing the wearer to hazardous
3

chemicals.

The U. S. Department of Energy has constructed a large-scale spill test

facility for liquified gaseous fuels and other hazardous materials in the

Frenchman Flat Basin on the Nevada Te3t Site. The Lawrence Livermore National

Laboratory (LLNL) assists the Department of Energy with the operation of this

facility which provide, data for vuhlf safety by studying the controlled

spills of hazardous substances. In 1983, large scale releases of ammonia and

uitrogen tetroxide were caTried out to seasre the atmoupbeTic disper Ion of

the spIllea chemicals. In the sulmmer of 1986, releases of hydrogen

fluoride and liquified petroleum gas of similar magnitude were conducted

Proposed future activities at the spill facility will involve chlorine and

other gases.

The U. S. Coast Guard funded the Safety Science Group of Lawrence

Livermore National Laboratory to carry out a small experiment to evaluate the

chemical protection of their new Chemical Response Suit in high concentrations

of highly corrosive hydrogen fluoride. This evaluation was done ae part of

the hydrogen fluoride spill series sponsored independently by ANOCO

Corporation to develop and test atmospheric dispersion models. This spill

test series afforded the Coast Guard and Lawrence Livermore National

Laboratory the opportunity to determine if the new Chemical Response Suit

provided protection against high vapor concentrations of hydrogen fluoride.

The tests also assessed the feasibility of using high concentrations of

hazardous materials to test the performance of chemical protective clothing.
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EXPERIMENTAL

Coast Guard Chemical Response Suit. Two different Coast Guard Chemical

Response Suits were tested in separate hydrogen fluoride spills. The Chemical

Response Suit is a totally-encapsulating chemical protective suit developed to

provide a high level of protection in chemical spill responce. This suit is

designed to fully enclose both the wearer and his or her breathing apparatus

(Figure 1). Features of this suit include a full body garment with a hood and

visor, internal positive pressure operation, a gas-tight zipper, and integral

ioves and boots Z sut mse" fl eyner bopa:syed usatezrials fox the

garment, visor, and gloves; non-fluoropolymer components include the suit

ziper ud eutaust valiw. DOly tbe gatment naterial has been tested against

hydrogen fluoride In laboratory testing and showed no permeation in a three
5

hour period. The suit exhaust valves are protected by an inverted pocket

to reduce the likelihood of direct contact with chemical splashes. The suit

closure is protected by a cofferdam arrangement with two flaps of garment

material which are temporarily heat-sealed over the zipper (Figure 2).

Positive pressure is achieved within the suit by the exhaust air from a

self-contained breathing apparatus. This exhaust air is vented through suit

exhaust valves adjusted to maintain an internal suit pressure of 3.8 mm Hg

(2.0 inches water).

Suit Mannequin and Instrumentation Package. A mannequin was constructed

out of wood to both support the Chemical Response Suit in an upright position

and house the instrumentation package (see Figure 3). Figure 4 shows the

relative position of equipment on the mannequin. The instrumentation package

included analytical devices to measure hydrogen fluoride intrusion, and an air

supply system to keep the suit inflated and cool during the experiment. Four

i



separate techniques were used to measure hydrogen fluoride vapor

concentrations with the suits. The reason for a four-fold analytical system

was to provide redundancy that would assure data collection even if one or

more of the individual analytical devices failed. Two techniques were

recommended by AMOCO; these included the AMOCO integrated Field Sampler (UFS)

and the GMD Systems AUTOSTEP Model 930 Portable Monitor. Both of these

devices were used by the AMOCO spill site team to analyze hydrogen fluoride

concentrations in the spill zone. Two other techniques were added by the

Safety Science Group to provide additional analytical information: the

Sensidyne SS2000 portable HF aantor jnd seIL a z geal .beat tubes. Th

characteristics of each analytical devices are described below.

AMOCO Integrated Field Samler. Mw AH• C IS in a propTietaTy aft

swmpling devite. The istTument seque'ntalT mlls %iT tTh•h *seth of 10

commercial Air-Sampling Field Monitors (Pisher Scientific: Gelman 4339 styrene

filter holder, PN 01-038; Gelman MetricelR membrane filters, Grade CN-4, PN

09-730-47). The field monitors contain membrane filters pretreated with a

proprietary method specific for retention of hydrogen fluoride. The flow

volume through each cassette was precalibrated with an AMOCO data logger

designed for used with the IFS. The time of flow through the cassettes is

adjustable on a group basis, however, once a time interval is selected, every

cassette in the series uses the same one. The interval used during this study

was 65.6 seconds. Following use of the IFS, the cassettes were removed and

each membrane was analyzed for HF content by use of ion selective electrodes.

The measured detection limit for HF vapor was 0.03 ppmv. The specific time

hydrogen fluoride was first detected is indicated by the number of the

cassette which first showed a measurable content.

GMD Systems AUTOSTEP Monitor. This system uses a colorimetric principle



in an automatic incremental mode. Color producing chemicals specific for

hydrogen fluoride are impregnated into a paper tape that Is stored in a

removable cassette. A pump pulls a calibrated air volume sample of the test

atmosphere through the tape. The tape is monitored by a L.E.D. photodiode

combination which translates color intensity into a readout. After a

programed interval, the tape is ctepped forward and the next sample is

taken. At the start of each measuring sequence, a reading 's taken of the

tape background color intensity, which is stored in memory, and then

subtracted from the reading at the end of the sampling interval. The analog

output from tbe AUTOSTEP monitor was sent to a chart zacorder witWz the

instrumentation package and also transmitted by field wire to a telemetry

station. During each of the suit tests, the Instrument was operated lu tin

O-30 ppu1v rane. The detection limit calibrated for the specific Vaper

taped used was nominally 3 ppv.

Sensidyne SS2000 Portable Toxic Monitor. This device uses an amperometric

electrochemial sensor and responds to concentrations of analyte that diffuse

across a semipermeable membrane. Calibration of the instrument indicated a

repeatable linear response for hydrogen fluoride with a detection limit of 0.4

ppmv and usable upper range to 10 pp.v. Sensor response was found to be

within the 10 seconds specified by the manufacturer. During this project, an

analog output from the Sensidyne was continuously monitored by telemetry in

the control room. The signal was also monitored by a strip chart recorder

within the suit instrumentation package.

Silica Gel Sorbent Tubes. Four separate SKC, Inc. (Cat. No. 226-10-03)

sorbent tubes, two on each side of the mannequin, were used during the tests.

A Gillian sampling pump drew air through the tubes at a calibrated flow rate

for each tube of 0.2 liters/minute. Subsequent to the collection period, the
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tubes were desorbed with eluant solution and analyzed for fluoride by ion

chron4tography. The seasurea instrumental detection limit was 1.0 ug. With a

controlled flow period of 10 minutes, the hydrogen fluoride vapor

concentration would have to exceed 0.6 ppmv on a continuous basis to be

measured.

Suit Pressurization and Cooling System. Since these experiments were

conducted under the high temperature conditions of the desert, the suit was

cooled before and after the experiment to protect the instrumentation package

inside the suit. A second requirement was to simulate the operation of a

self-contained breathia gmpara-a Iside tba auLat. F.A, &AS coJata- eWs

achieved by an air flow from four cylinders of compressed air plumbed together

in series underground near the wjait. Then, the breasthb shululatiou

requirement was met by using remutely vpeiuted unte*Td sIzed (2700 psi)

breathing air cylinders inside the suit.. Figure 5 shows a sch.Jmatic of the

control system for the analytical instruments and air supply (The entire

experimental set-up is illustrated in Figure 6). When the experiment began,

the cooling air was shut off, while internal suit cylinder air was pulsed

periodically for the duration of the experiment. At the end of the

experiment, the interior cylinder was shut off, and the exterior cylinders

reopened to provide cooling air and to flush the interior of the suit.

Exposure Conditions. The facility's experimental test plan outlined a

series of four hydrogen fluoride spills at different release rates and

humidity conditions. Lawrence Livermore chose the two exposure conditions

where 1000 gallons of hydrogen fluoride were released over a 6 minute period

to separately expose the Coast Guard's Chemical Response Suit3. One suit

exposure was conducted under ambient humidity conditions. The second suit was

exposed to the hydrogen fluoride under more humid conditions. Local lake bed



flooding and a humidity generation apparatus were used to artificially

humidify the environment. However, the overall effect on relative humidity

was sall. The saited mannequin was placed near a spill zone instrument tower

located nproximately 300 meters directly downwind from the chemical release

point. This location offered the nearest site to the acid spill nozzle which

had hydrogen fluoride monitoring equipment in place, was adjacent to a

photographic tower for film recording. and had access to a telemetry station

for data transmission. Data from the instrument tower were used to measure

the exterior exposure of hydrogen fluoride received by the suit. The actual

.xpoasur 4a ti.am" t&o hch each at was suabjected mm. .tv~a in ZabWa .1.

Procedure. The suit mannequin assembly was placed on a suapension stand

at the exposre site (lfgare 7). Follwing the release of the bydogem

fluoride, an operater in the Test Facillty control room activated the interlor

suit sampling equipment before the cloud.reached the suit. This sampling was

continued until the hydrogen fluoride cloud dissipated. Once the test

director determited the site safe for entry, a two-person retrieval team

decontaminated the suit and related hardware with a dilute ammonia washdown,

followed by a water washdown. The effectiveness of this decontamination

technique was verified by checking the wetted surfaces with pH paper for trace

acidity. The exterior of the suit was then inspected before the mannequin was

disassembled. Interior suit samplers were collected and sent off for analysis.

RESULTS AND DISCUSSION

Table 2 shows that only the AMOCO IFS detected any hydrogen fluoride.

This instrument has the lowest detection limit and the amounts indicated are

close to that limit. There are two reasons which mitigate against these data



indicating a real concentration of HY inside the suit. The first reason Is

that the cassettes In the first two positions (first 2.2 minutes of

experiment) showed some small quantities of acid as dt" those in the later

positions (last 2.2 minutes of experiment). This indicates a high 'blank'

(zero) value because there was no hydrogen fluoride vapor outside the suit at

initial stage of the experiment. It is known that silica dust will give a

false positve for HF on this method. At an average wind velocity of 3-5

meters/second, the cloud has insufficient time to move 300 meters downwind to

the suit location. This observation was confirmed visually for each of the

to vests. Ma mem" reesm ssmlat ftmh dews - sI a sitt leak, to the

observation of IFS preclaion measurements appear random throughout its

overm11 operation cycle. or thsm vememmae feel thot te vmalow m so

close to the detection limit that they are merely a 'blank' reading. If a

worse case position was taken in that the values were true, the measure

maximum concentration (0.20 ppmv) of hydrogen fluoride would still be weli

below the ACGIH TWA level (3 ppmv,) or Short Term Exposure Limit (6
6

ppmV). This indicates that the protection offered by the suit is quite

high.

The other three analytical techaiques showed no measurable hydrogen

fluoride at any time during the two field tests. The Sensidyne instrument had

the second most sensitive detection limit and in each test, no measurable

signal was generated (in the first test by telemetry, and in the second test

by both telemetry and on the chart recorder). The consistency of this data

supports our analysis of the IFS data as being variable within the analytical

method. Our various monitoring data indicate that the suit maintained

complete integrity against a very high external hydrogen fluoride vapor

challenge.



CONCLUSIONS

Our experience with conducting field tests of chemicai protective suits

under controlled hazardous material spill conditions indicates the feasibility

of performing this test for other protective garments and chemicals. These

methods appear usAful for determining the performance of protective clothing

under actual exposure conditions. While it would be both time consuming and

costly to test a garment against several chemicals, field teats of this type

could be conducted on a smaller scale and under more controlled conditions to

imems th usefml mes of related aboratory Sarmm•t meýtrL.L tatin•.

Furthermore, this technique offers a mans to test the entire garment as used

in the fie9d.
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TABLE I - Teat Hydrogen Fluoride Exposure Conditions

Test 1 (8/14/86) Teat 2 (8/20/86)

Concentration (ppm)a Concentration (ppa)
Time (nin.)b 1 Meterc 3 Metc- Time (min.) 1 Meter 3 Meter

0.00 0 0 0.00 0 0
1.11 1400 950 110 8600 3400
2.22 20000 16000 2.20 12000 2500
3.33 18000 30000 3.30 13000 3900
4.44 6800 15000 4.40 17000 4100
5.55 7800 8100 5.50 11000 3200
6.66 13000 0 6.60 13000 3800
7.77 300 22000 7.70 4200 2900
8.88 210 6200 8.80 960 1600
9.99 0 0 9.90 270 113

11.00 200 110

mzinum Cone. 20000 (2.22)130000 (3.33) 17000(4.40)/4100(4.40)

(Ti--)

Average Conc. 12000 9000

Teat Relative 10-12% 16-18%
Humidity

aHydroagen fluoride concentrations measured by AMOCO IFS. These
concentratiods represent the average of the integrated sample measurement over
the sampling interval.

bThis time represents the end of sampling interval.

cSpill site tower concentrations were measured at a one meter and three
meter height. The Cheaical Response Suit was held upright at a height of 1.5
meters.
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TABLE 2 - Sumary of Hydrogen Fluoride Measuroments Inside Chemical Response
Suit

Detection Detection Test 1 Test 2
Method Limit (ppm) Rasults (ppm) Results (ppm)

AMOCO IFS 0.03 High: 0.20 High: 0.10
Low: 0.04 Low: 0.03a
Avg.t 0.08 Avg.: 0.05

Sensidyne SS2000 0.2 NDb

GQD Systems AUTOSTEP 3.0 ND ND

Ullica Gel Sorbent 0.6c ND ND

Protection Factor 9000 with all detection methods

slow concentration below detection limit of analytical device

bND - no hydrogen fluoride detected by method

cactual detection limit is 1 ug mass by ion chromatograph; effective

detection limit is 0.6 ppm based on integrated sample over sampling Interval
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Figure 4. Diagram of Mannequin Equipment Layout
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